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Four  new  species  of  the  genus  Pseudo cellm  (Arachnida:  Ricinulei:  Ricinoididae)  from  Mexico 

Alejandro  Valdez-Mondragon  and  Oscar  F.  Francke:  Coleccion  Nacional  de  Aracnidos  (CNAN),  Departamento  de 
Zoologia,  Universidad  Nacional  Autonoma  de  Mexico  (UNAM),  Apartado  Postal  70-153,  C.  P.  04510,  Ciudad 
Universitaria,  Delegacion  Coyoacan,  Cd.  de  Mexico,  Distrito  Federal,  Mexico.  E-mail:  lat_mactans@yahoo.com.mx 

Abstract.  Four  new  species  of  ricinuleids  are  described:  Pseudocellus  chcmkin  from  caves  and  surface  collections  in 
southern  Mexico  (Chiapas  & Tabasco)  and  Guatemala  (Peten);  Pseudocellus  jarocho  from  a single  surface  collection  in 
Veracruz,  Mexico;  Pseudocellus  oztotl,  a troglobitic  and  troglomorphic  species  from  Cueva  de  Las  Tres  Quimeras  in  the 
Sierra  Negra,  Puebla,  Mexico;  and  Pseudocellus  pkitnicki,  also  troglobitic  and  troglomorphic,  known  from  a single  cave  in 
Coahuila,  Mexico.  The  number  of  known  species  in  the  genus  increases  to  24,  and  Mexican  species  to  14.  An  identification 
key  for  adult  males  of  the  species  found  in  Mexico  and  southern  USA  is  provided. 

Keywords:  Biodiversity,  troglobites,  troglomorphism,  caves 


The  order  Ricinulei  is  currently  the  smallest  of  Arachnida 
with  two  suborders:  Paleoricinulei  Selden  1992  with  two 
families  (Curcuiioididae  Cockerell  1916  and  Poliocheridae 
Scudder  1884),  four  genera  and  16  fossil  species;  and 
Neoricinulei  Selden  1992  with  only  one  family  (Ricinoididae 
Ewing  1929),  three  genera  and  68  living  species  (Selden  1992; 
Harvey  2002,  2003;  Botero-Trujillo  & Perez  2009;  Tourinho  & 
Azevedo  2007;  Tourinho  & Saturnino  2010;  Tourinho  et  al. 
2010).  The  three  ricinoidid  genera  have  distinct  distributions 
in  the  world:  the  genus  Ricinoides  Ewing  1929  with  11  species 
is  distributed  in  equatorial  west  and  central  Africa  (Harvey 
2003;  Naskrecki  2008;  Cokendolpher  & Enriquez  2004; 
Botero-Trujillo  & Perez  2009);  Cryptocellus  Westwood  1874, 
with  35  species  is  known  from  Honduras  southward  through 
Central  and  tropical  South  America  to  Brazil  (Bonaldo  & 
Pinto-da-Rocha  2003;  Harvey  2003;  Pinto-da-Rocha  & 
Bonaldo  2007;  Tourinho  & Azevedo  2007;  Botero-Trujillo  & 
Perez  2008,  2009;  Platnick  & Garcia  2008);  and  the  genus 
Pseudocellus  Platnick  1980,  with  20  named  species  is 
distributed  in  North  America  (USA  and  Mexico),  Cuba  and 
Central  America  (Guatemala  to  Panama)  (Gertsch  & Mulaik 
1939;  Bolivar  & Pieltain  1946;  Gertsch  1971;  Platnick  & Pass 
1982;  Harvey  2003;  Cokendolpher  & Enriquez  2004;  Teruel  & 
Armas  2008). 

Mexico  has  the  highest  diversity  of  ricinuleids  in  the  world. 
Ten  species  of  Pseudocellus  are  known  from  Mexico,  not 
considering  the  four  new  species  described  in  this  work:  P. 
holivari  (Gertsch  1971);  P.  honetl  (Bolivar  & Pieltain  1942);  P. 
gertschi  (Marquez  & Conconi  1974);  P.  mitchelli  Gertsch  1971; 
P.  osorioi  (Bolivar  & Pieltain  1946);  P.  pearsei  (Chamberlin  & 
Ivie  1938);  P.  pelaezi  (Coronado-Gutierrez  1970);  P.  reddelli 
(Gertsch  1971);  P.  shordonii  (Brignoli  1974);  and  P.  spinoti- 
hialis  (Goodnight  & Goodnight  1952). 

Ricinuleids  are  generally  found  in  leaf  litter  and  in  the  soil, 
under  rocks  and  logs;  and  many  of  the  species  in  the  genus 
Pseudocellus  inhabit  caves  (Cokendolpher  & Enriquez  2004). 
Our  knowledge  of  Pseudocellus  in  general  is  still  very 
fragmentary  because  most  of  the  species  were  originally 
described  on  the  basis  of  few  specimens  or  from  single 
individuals;  with  few  species  known  from  male,  female  and 
immature  stages  (Pittard  & Mitchell  1972;  Platnick  & Pass 
1982;  Cokendolpher  & Enriquez  2004). 


In  this  work  four  new  Mexican  species  of  Pseudocellus  are 
described  from  the  states  of  Chiapas,  Coahuila,  Puebla,  and 
Veracruz.  Two  are  known  only  from  caves  and  are  highly 
troglomorphic;  one  is  known  from  both  the  surface  and  from 
two  caves  and  shows  no  troglomorphisms,  and  the  last  one  is 
known  only  from  one  location,  collected  under  a large  boulder 
in  a pine  forest,  and  does  not  have  any  troglomorphisms. 

METHODS 

The  specimens,  preserved  in  80%  ethanol,  were  examined 
and  measured  with  a Nikon  SMZ645  stereoscope.  The 
measurements,  given  in  mm,  were  made  following  Cooke 
and  Shadab  (1973).  We  named  the  segments  of  the  legs 
following  Gertsch  (1971),  Pittard  & Mitchell  (1972),  and 
Platnick  & Pass  (1980)  to  facilitate  cross-referencing.  The 
names  of  copulatory  structures  follow  Pittard  & Mitchell 
(1972).  Brief  descriptions  and  complete  measurements  are 
provided  for  immature  stages  when  available. 

Dissecting  microscopes  (Zeiss  Stemi  SVll  and  Nikon  SMZ 
800)  fitted  with  a camera  lucida  were  used  to  make  the 
drawings.  The  tarsal  processes  and  spermathecae  were 
suspended  in  96%  gel  alcohol  (to  permit  proper  positioning) 
and  then  covered  with  a thin  layer  of  liquid  ethanol  (80%)  to 
minimize  diffraction  during  observation  and  drawing.  The 
photographs  of  living  specimens  were  taken  with  a Nikon 
Coolpix  E4600  camera.  The  map  was  prepared  with  ArcView 
GIS  Version  3.2  (Applegate  1999).  Illustrations  were  edited 
with  Adobe  Photoshop  7.0. 

The  specimens  are  deposited  primarily  in  the  Coleccion 
Nacional  de  Aracnidos  (CNAN)  of  the  Instituto  de  Biologia, 
Universidad  Nacional  Autonoma  de  Mexico,  Mexico  City 
(IBUNAM);  but  some  are  in  the  Coleccion  de  Aracnidos  de  El 
Colegio  de  la  Frontera  Sur  (ECOSUR-ECOTAAR),  Tapachula, 
Chiapas,  Mexico;  and  in  the  Invertebrate  Zoological  Collection 
of  the  Texas  Memorial  Museum  (TMM-IZC),  University  of 
Texas,  Austin.  Specimens  used  for  comparative  purposes  and  the 
elaboration  of  the  key  are  listed  in  Appendix  1 . For  species  not 
included  in  that  list,  the  infonnation  was  obtained  from  the 
literature,  primarily  from  the  original  descriptions. 

Abbreviations  used  in  the  figures  are:  AP,  accessory  piece  of 
tarsal  process;  LT,  lamina  cyathiformis  of  tarsomere  2;  MTP, 
metatarsal  process;  S,  spermathecae;  TP,  tarsal  process. 
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TAXONOMY  Pseudocellus  Platnick  1980:352. 

Family  Ricinoididae  Ewing  1929  ^ype  s^^cw^.-Cryptocelhis  dorothecie  Gertsch  & Mulaik 

Genus  Pseudocellus  Platnick  1980  1^39,  by  original  designation. 


KEY  TO  ADULT  MALES  OF  PSEUDOCELLUS  SPECIES  FROM  MEXICO  AND  USA 

1.  Troglomorphic  species  with  all  appendages  elongated  (Figs.  17,  24):  femur  II  at  least  1.5X  longer  than  carapace;  tibia  II  longer 

than  carapace 2 

Edaphomophic  species  with  short  appendages  (Figs.  1,  10):  femur  II  less  than  1.5X  carapace  length;  tibia  II  shorter  than 
carapace 8 

2.  Femur  II  length/width  ratio  greater  than  9;  femur  II  over  twice  as  long  as  carapace 3 

Femur  II  length/width  ratio  less  than  9;  femur  II  less  than  2 x carapace  length 6 

3.  Cheliceral  fingers  with  5 teeth  P.  reddelli 

Cheliceral  fingers  with  more  than  5 teeth  4 

4.  Leg  formula  2413;  tibia  II  twice  as  long  as  patella  II  P.  sbordonii 

Leg  formula  2431;  tibia  II  less  than  two  times  patella  length 5 

5.  Tibia  I with  a granulose  prolateral  hump  (Figs.  24,  26);  tibia  II  and  tarsus  II  unarmed;  body  and  appendages  evenly,  finely 

pitted P.  platnicki  new  species 

Tibia  I without  a granulose  prolateral  hump  (Fig.  17);  tibia  II  (Fig.  19)  and  tarsus  II  with  two  distinct  rows  of  spines 
prodorsally  and  proventrally;  body  and  appendages  finely  pitted P.  oztotl  new  species 

6.  Leg  fonnula  2341;  cheliceral  fixed  finger  with  4 teeth;  tarsal  claws  asymmetrical,  some  spatulate P.  bolivari 

Leg  formula  2431;  cheliceral  fixed  finger  with  6 teeth;  tarsal  claws  symmetrical,  none  spatulate 7 

7.  Tibia  II  elongated,  about  1 1 X longer  than  wide,  with  few  scattered  spines  prolaterally;  cheliceral  movable  finger  with  teeth 

uniform  in  size  P.  osorioi 

Tibia  II  shorter,  about  6x  longer  than  wide,  with  two  distinct  rows  of  spines  prolaterally;  cheliceral  movable  finger  with  basal 
tooth  distinctly  larger  than  the  rest P.  boneti 

8.  Tibia  II  armed  with  one  or  two  distinct  tubercles  prolaterally 9 

Tibia  II  without  distinct  tubercles  prolaterally 11 

9.  Femur  II  moderately  thickened,  4X  longer  than  wide;  tibia  II  with  a single  prodorsal  tubercle,  lacking  a distinct  proventral 

tubercle  P.  pearsei 

Femur  strongly  thickened,  less  than  2.5  X longer  than  wide;  tibia  II  prodorsal  and  proventral  tubercles  subequal  in  size  . . 10 

10.  Femur  II  shorter  than  carapace;  tibia  II  with  prodorsal  and  proventral  tubercles  aligned,  medial P.  spinotibialis 

Femur  II  distinctly  longer  than  carapace;  tibia  II  with  tubercles  not  aligned,  proventral  on  basal  one-third,  and  prodorsal  on 
distal  one-third  (Figs.  1,3)  P.  chankin  new  species 

11.  Leg  formula  2431;  carapace  and  opisthosoma  distinctly  and  evenly  pitted  12 

Leg  formula  2341;  integument  not  distinctly  pitted  13 

12.  Adult  3.2  mm  in  total  length;  tibia  II  slightly  over  0.5X  carapace  length;  patella  II  and  tibia  II  subequal  in  length  . . . P.  dorotheae 

Adult  5.0  mm  in  total  length;  tibia  II  almost  equal  to  carapace  length;  tibia  II  1.5X  longer  than  patella  II P.  mitchelli 

13.  Femora  I and  IV  conspicuously  enlarged,  at  least  1.5x  thicker  than  preceding  and  following  segments  P.  gertschi 

Femora  I and  IV  not  enlarged,  about  same  thickness  as  preceding  and  following  segments 14 

14.  Femur  II  thickened,  2.5x  longer  than  wide;  tibia  II  1.5X  or  more  the  length  of  patella  II P.  pelaezi 

Femur  II  not  thickened,  slightly  over  4X  longer  than  wide;  tibia  II  1.2X  longer  than  patella  II P.  jarocho  new  species 


Pseudocellus  chankin  new  species 
Figs.  1-9 

Pseudocellus  sp.  n.  2:  Cokendolpher  & Enriquez  2004:99. 

Type  material. — MEXICO:  Chiapas',  holotype  male,  Cueva 
Kolem-chen  “Cueva  Grande,”  Reserva  Chan-kin,  Municipio 
Ocosingo  (16.691389°N,  90.824028°W,  144  m),  10  August 
2006,  A.  Valdez,  H.  Montano,  S.  Rubio,  N.  Perez,  I. 
Mondragon  (CNAN-T0263).  Paratypes:  1 female,  same 
locality  as  holotype,  19  October  2006,  A.  Valdez,  H.  Montano, 
O.  Francke,  A.  Ballesteros  (CNAN-T0280);  1 female,  Hidalgo 
Cortes,  orillas  de  la  Reserva  Montes  Azules,  Municipio 
Ocosingo  (1 6.689 194°N,  90.930 167°W,  150  m),  11  August 
2006,  A.  Valdez,  H.  Montano,  S.  Rubio,  N.  Perez,  I. 
Mondragon  (CNAN-T0281);  2 females,  same  locality  as 
holotype,  7 November  2006,  A.  Valdez,  H.  Montano,  R. 
Paredes,  G.  Montiel,  F.  Bertoni  (CNAN-T0282). 


Other  specimens  examined. — MEXICO:  Chiapas'.  2 deuto- 
nymphs,  4 tritonymphs,  same  data  as  holotype  (CNAN- 
RiOOOl);  2 ??,  1 larva,  I tritonymph,  same  locality  as 
holotype,  7 November  2006,  A.  Valdez,  H.  Montano,  R. 
Paredes,  G.  Montiel,  F.  Bertoni  (CNAN-Ri0020).  Tabasco'.  2 
SS,  1 $,  2 larvae,  Parque  Estatal  Agua  Blanca,  Ejido  Las 
Palomas  Municipio  Macuspana  (17.62126°N,  92.47928°W, 
124  m),  12  July  2010,  O.  Francke,  J.  Cruz-Lopez,  C. 
Santibanez,  G.  Montiel,  D.  Barrales,  G.  Contreras  (CNAN- 
Ri0021).  GUATEMALA:  Peten'.  2 JT,  1 larva,  1 proto- 
nymph, Cueva  del  Rio  Murcielagos,  Dos  Pilas,  Sayaxche,  25 
March  1993,  A.  Cobb,  B.  Luke  (TMM-IZC  #3,288);  2 ??, 
Kaxon  Pec  (Cave),  Dos  Pilas,  Sayaxche,  May  1993,  A.  Cobb 
(TMM-IZC  #3,287). 

Etymology. — The  specific  name  is  a noun  in  apposition  and 
refers  to  the  name  of  the  biological  reserve  that  includes  the 
type  locality,  Reserva  Chan-kin. 
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Figure  1. — Pseudocellus  chankin  new  species.  Male  holotype. 
Habitus,  dorsal  view.  Scale  = 1 mm. 


Diagnosis. — Males  can  be  distinguished  by  the  presence  of 
two  strong  tubercles  on  tibia  II,  one  prodorsal  and  the  other 
proventral  (Figs.  1,  3);  by  the  very  robust  femur  II  (Fig.  1),  2.4 
times  longer  than  wide;  by  having  the  tarsal  process  curved,  J- 
shaped  (Figs.  4,  5)  and  the  accessory  piece  of  tarsal  process  of 
leg  III  (displaced  position)  thin,  slightly  curved  and  bifurcated 
distally  (Fig.  5);  metatarsal  process  conical,  curved  distally 
(Fig.  4),  and  cucullus  trapezoidal  (Fig.  2).  Females  can  be 
distinguished  by  the  curved  and  bifurcate  spermathecae 
(Figs.  6,  7). 

Description. — Male  (holotype):  Carapace:  Slightly  longer 
than  wide,  wider  in  posterior  part  near  coxae  III.  Covered 
uniformly  with  numerous  and  fine  translucent  setae;  and 
numerous  rounded  granules,  more  visible  on  marginal  pale 
areas,  located  on  median  part,  corresponding  to  ocular  areas, 
between  coxae  I and  II  (Fig.  1).  Dorsal  depressions  near  to 
pale  marginal  areas,  and  slight  depressions  on  posterior  and 
median  parts. 

Cucullus:  Wider  than  long,  notably  wider  distally,  with 
numerous  rounded  granules  larger  than  those  on  carapace. 
Densely  covered  with  long,  fine  translucent  setae,  especially  on 
distal  part,  where  they  are  also  longer  (Fig.  1). 

Chelicerae:  Fixed  finger  shorter  than  movable;  fixed  finger 
with  six  teeth,  the  distal  longer  and  the  basal  one  shorter; 
movable  finger  with  six  teeth,  the  basal  one  longer,  distally 
decreasing  in  size. 

Sternal  region:  Coxae  I meeting  the  tritosternum  in  a single 
point;  coxae  II  meeting  it  along  anterior  third,  coxae  II 
considerably  longer  than  others. 

Pedipalps:  Trochanters  1 and  2 with  few  rounded  granules 
ventrally.  Femora  curved  distally;  with  few,  small  basal 
granules  retrolatero-ventrally.  Tibiae  with  granules  distally 
on  dorsal  and  ventral  surfaces.  All  segments  densely  covered 
with  translucent,  small  setae,  uniform  in  size  (Fig.  I). 

Legs:  Femora  I-IV  with  numerous  sharp-tipped  granules 
ventrally,  with  femur  II  having  the  most.  Tibiae  MI  with  large 
granules  ventrally;  including  those  on  the  two  strong,  tubercles 
of  tibiae  II  (Fig.  1);  tibiae  III-IV  with  smaller  granules  than  on 


I and  II.  Granules  on  metatarsi  II  larger  than  on  metatarsi  I. 
Metatarsi  III-IV  without  granules. 

Copulatory  apparatus:  Metatarsus  short  and  wide,  conical; 
tarsal  process  wider  in  distal  half  (Figs.  4,  5).  Tarsomere  1 
curved  ventrally.  Lamina  cyathiformis  of  tarsomere  2 with 
slight  notch  basally;  tarsomere  2 rectangular  (Fig.  4). 

Opisthosoma:  Longer  than  wide,  widest  at  posterior  part, 
near  tergite  XIII  (Fig.  1).  Tergite  XI  as  wide  as  long,  tergites 
XII-XIII  and  lateral  tergites  longer  than  wide  (Fig.  1).  Lateral 
tergites  in  diagonal  position,  forming  an  ample  concavity  in 
median  part  (Fig.  1).  Covered  uniformly  with  numerous,  small 
translucent  setae  both  dorsally  and  ventrally,  and  without 
granules.  Pygidium  basal  segment  without  notch  on  posterior 
dorsal  and  ventral  margins. 

Coloration:  Appendages  and  body  reddish  brown.  Pedi- 
palps lighter  than  other  appendages;  all  appendages  lighter  red 
distally.  Cucullus,  carapace,  opisthosoma  and  legs  II  dark 
reddish,  legs  II  darker  reddish  than  other  appendages. 
Opisthosoma  ventrally  with  dark  region  covering  Va  of  its 
length. 

Measurements:  Total  length  (carapace  + opisthosoma  + 
pygidium)  6.15.  Carapace  2.10  long,  1.95  wide  (widest  part). 
Cucullus  0.87  long,  1.42  wide.  Opisthosoma  4.25  long,  2.20 
wide  (widest  part).  Robustness  of  leg  II,  ratio  of  male  femur  II: 
length  / diameter  (widest  part)  (femur  II  1/d):  2.37.  Legs  tarsal 
formula  (legs  I-IV):  1 -5-4-5.  Leg  lengths,  I:  coxa  0.86/ 
trochanter  1 0.56/  trochanter  2 -/  femur  1.58/  patella  0.75/ 
tibia  1.15/  metatarsus  1.28/  tarsus  0.62/  total  6.80;  II:  1.16/ 
0.87/  -/  2.87/  1.23/  2.00/  1.85/  2.2/  12.18;  III:  0.92/  0.60/  0.62/ 
1 .52/  0.80/  0.98/  1 . 10/  1 .60/  8. 14;  IV:  0.81/  0.63/  0.58/  1 .73/  0.80/ 
1.12/1.13/  1.33/  8.13;  Pedipalp:  0.7/  0.8/  0.45/  1.13/  -/  1.60/  -/ 
0.14/  4.82.  Leg  formula:  2341. 

Variation  (n  = 5):  One  male  from  Peten  dark  red,  holotype 
and  the  other  male  from  Peten  lighter  in  color.  Males  from 
Tabasco  lighter  red  than  the  others.  Granules  larger  and  more 
visible  on  males  from  Peten  and  Tabasco  than  on  the  other 
two  males,  especially  on  all  segments  of  leg  IT  Movable  finger 
of  chelicerae  with  six  teeth  on  the  holotype,  on  one  male  from 
Peten  and  on  one  male  from  Tabasco;  seven  teeth  on  the  other 
male  from  Peten;  and  five  teeth  on  the  other  male  from 
Tabasco.  The  two  ventral  tubercles  on  tibia  II  thinner  and 
smaller  on  one  male  from  Peten  and  males  from  Tabasco  than 
on  the  other  two  males.  Total  length:  6.15-6.80  (x  = 6.40  ± 
0.32),  Cucullus:  width  1.45-1.60  (x  = 1.56  ± 0.10),  Carapace: 
width  1.95-2.10  (x  = 2.00  ± 0.07),  Opisthosoma:  length  4.25- 
5.00  (x  = 4.50  ± 0.38),  width  2.20-2.45  (x  = 2.35  ± 0.13). 
Femur  II  1/d:  2.27-2.80  (x  = 2.53  ± 0.21). 

Female  (paratype):  Differs  from  male  as  follows:  Femur  II 
not  as  robust,  3.7  times  longer  than  wide.  Left  fixed  finger  of 
chelicerae  with  four  teeth,  right  with  five  teeth.  Femora  I-IV 
with  fewer  and  smaller  ventral  sharp-tipped  granules  than  the 
male.  Tibiae  II  with  the  two  prolateral  tubercles  smaller  than 
on  the  male.  Tibiae  III-IV  with  fewer  granules.  Opisthosoma 
wider  than  on  the  male.  Tergite  XI  wider  than  long.  Tergite 
XII  as  wide  as  long.  Opisthosoma  ventrally  with  two  dark  thin 
depressions,  on  sternites  XI,  XII  and  XIII. 

Measurements:  Total  length  6.35.  Carapace  length  2.15, 
width  2.10  (widest  part).  Cucullus  length  0.90,  width  1.47. 
Opisthosoma  length  4.50,  width  2.75  (widest  part).  Femur  II 1/ 
d:  3.50.  Legs  tarsal  formula  (legs  I-IV):  1 -5-4-5.  Leg  lengths,  I: 
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Figures  2-7. — Pseudocellits  chcmkin  new  species.  Male  holotype.  2.  Cucullus,  dorsal  view;  3.  Left  tibia  11,  ventral  view;  4.  Left  leg  III, 
metatarsus  and  tarsal  process,  prolateral  view;  5.  Tarsal  process  (displaced  position),  prolateral  view.  Female  paratype.  Spermathecae;  6. 
Anterior  view;  7.  Posterior  view.  Scales  = 0.5  mm. 


coxae  0.92/  trochanter  1 0.50/  trochanter  2 -/  femur  1.45/ 
patella  0.70/  tibia  1.05/  metatarsus  1.23/  tarsus  0.66/  total  6.51; 
II:  1.15/  0.77/  -/  2.57/  1.05/  1.80/  1.87/  2.12/  11.33;  III:  0.93/ 
0.53/0.66/  1.58/0.78/  1.00/  1.10/  1 .00/ 7.58;  IV:  0.86/0.55/0.56/ 
1.71/  0.72/  1.10/  1.15/  1.10/  7.75;  Pedipalp:  0.75/0.38/  0.46/ 
1.12/  -/  1.65/  -/  0.16/  4.52.  Leg  formula:  2431. 

Variation  (n  = 7):  Five  females  are  dark  reddish  (two  from 
Chiapas,  two  from  Peten,  and  the  female  from  Tabasco),  and 
the  other  two  females  from  Chiapas  are  lighter.  Body 
granulation  more  conspicuous  on  lighter  specimens.  Chelicer- 
ae  with  a variable  number  of  teeth,  females  from  Chiapas:  1) 
fixed  finger  4/  movable  finger  6;  2)  6/8;  3)  5/7;  4)  5/6;  females 
from  Peten:  1)  5/6;  2)  5/7.  Total  length:  6.00-7.15  (x  = 6.45  ± 
0.43),  Cucullus:  width  1.42-1.67  (Y  = 1.54  ± 0.10),  Carapace: 
width  1.95-2.25  (x  = 2.09  ± 0.1 1),  Opisthosoma:  length  4.15- 
4.90  ix  = 4.45  ± 0.30),  width  2.60-2.95  {x  = 2.72  ± 0.13). 
Femur  II  1/d:  3.50-3.86  (x  = 3.72  ± 0.15). 


Larva:  Carapace  wider  than  long,  with  numerous  small 
rounded  granules.  Cucullus  wider  than  long,  with  a small 
concavity  distally,  covered  with  numerous  and  fine  translucent 
setae,  longer  distally.  Legs  with  numerous  small  granules  and 
abundant  fine  translucent  setae.  Opisthosoma  slightly  longer 
than  wide,  covered  with  numerous  small  rounded  granules  and 
translucent  setae;  tergites  XI-XIII  wider  than  long;  sternites 
XI-XIII  well  visible  and  not  fused  in  comparison  with  adults. 
Appendages  and  body  coloration  pale  brown;  paler  in  cucullus 
and  carapace.  Measurements:  Total  length  1.87.  Carapace 
0.86  long,  0.95  wide  (widest  part).  Cucullus  0.40  long,  0.66 
wide.  Opisthosoma  1.28  long,  1.22  wide.  Legs  tarsal  formula 
(legs  I-III)  (larva  hexapod):  1-2-2.  Variation:  («  = 4).  Total 
length  1.87-2.70  (Y  = 2.28  ± 0.58).  Cucullus:  width  0.65-0.66 
(Y  = 0.655  ± 0.007),  Carapace:  width  0.93-0.95  (Y  = 0.94  ± 
0.01),  Opisthosoma:  long  1.28-1.66  (Y  = 1.47  ± 0.26),  wide 
1.22-1.33  (Y  = 1.27  ± 0.07). 
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Figures  8-9. — Pseuclocellus  chankin  new  species.  8.  Male  holotype  walking  on  the  ground  inside  the  cave;  9.  Female  paratype  walking  on  a 
wall  inside  the  cave.  (Photos  by  Alejandro  Valdez-Mondragon). 


Protonymph:  Carapace  longer  than  wide.  Carapace,  cucul- 
lus,  legs  and  opisthosoma  covered  with  numerous  rounded 
granules  and  translucent  setae  like  the  larva.  Cucullus  wider 
than  long;  with  fine  translucent  setae  longer  distally,  like  the 
larva.  Opisthosoma  longer  than  wide,  tergites  XI-XIII  wider 
than  long;  sternites  XI-XIII  visible  like  the  larva,  and  not 
fused  like  on  the  adults.  Appendages  and  body  coloration 
brown,  darker  than  the  larva,  but  not  as  dark  as  adults. 
Measurements:  Total  length  3.25.  Carapace  1.16  long,  1.13 
wide  (widest  part).  Cucullus  0.50  long,  0.77  wide.  Opistho- 
soma 2.05  long,  1.60  wide.  Legs  tarsal  formula  (legs  I-IV):  1-4- 
3-2. 

Deutonymph:  Carapace  slightly  longer  than  wide.  Carapace, 
cucullus,  legs  and  opisthosoma  covered  with  numerous 
rounded  granules  and  translucent  setae  like  the  previous  life 
stages.  Cucullus  wider  than  longer;  with  fine  translucent  setae, 
longer  distally,  like  the  previous  life  stages.  Opisthosoma 
longer  than  wide,  tergites  XI  and  XII  wider  than  long,  tergite 
XIII  slightly  longer  than  wide;  sternites  XI-XIII  well  visible 
and  not  fused  in  comparison  to  adults.  Appendages  and  body 
coloration  brown,  opisthosoma  brown  darker  than  cucullus, 
carapace  and  appendages.  Measurements:  Total  length  4.40. 
Carapace  1.37  long,  1.35  wide  (widest  part).  Cucullus  0.61 
long,  1.00  wide.  Opisthosoma  2.80  long,  1.90  wide.  Legs  tarsal 
formula  (legs  I-IV):  1 -5-4-4.  Variation:  (n  = 2).  One  specimen 
with  brown  coloration  paler  than  the  other.  Total  length  4.40, 
4.65  (x  = 4.52).  Cucullus:  width  1.00,  1.00  (x  = 1.00), 
Carapace:  width  1.35,  1.40  (x  = 1.37),  Opisthosoma:  long 
2.80,  3.00  (x  = 2.90),  wide  1.90,  2.10  (x  = 2.00). 

Tritonymph:  Carapace  slightly  longer  than  wide,  with  two 
dorsal  depressions  on  median  part  (one  on  each  side)  and  four 
on  posterior  part  (two  on  each  side).  Carapace,  cucullus,  legs, 
and  opisthosoma  covered  with  numerous  rounded  granules 
and  translucent  setae  as  in  the  previous  life  stages.  Cucullus 
wider  than  long,  with  numerous  fine  translucent  setae,  longer 
distally,  as  in  previous  stages.  Opisthosoma  longer  than  wide, 
tergites  XI  and  XII  wider  than  long,  tergite  XIII  longer  than 
wide;  sternites  XI-XIII  well  visible,  not  fused  together  in 
comparison  with  adults.  Appendages  and  body  orange-brown, 
paler  than  adults.  Measurements:  Total  length  5.95.  Carapace 
1.70  long,  1.65  wide  (widest  part).  Cucullus  0.75  long,  1.22 
wide.  Opisthosoma  3.90  long,  2.45  wide.  Legs  tarsal  formula 
(legs  I-IV):  1 -5-4-5.  Variation:  {n  = 4).  Two  specimens  orange- 


brown  coloration,  the  other  two  specimens  lighter.  Total 
length  5.35-5.95  (x  = 5.66  ± 0.24).  Cucullus:  width  1.15-1.22 
(x  = 1.17  ± 0.03),  Carapace:  width  1.65-1.70  (x  = 1.66  ± 
0.02),  Opisthosoma:  long  3.75-3.90  (x  = 3.85  ± 0.07),  wide 
2.45-2.55  (x  = 2.50  ± 0.05). 

Related  species. — Pseuclocellus  chankin  resembles  Pseuclo- 
cellus seacus  Platnick  & Pass  1982  from  Finca  Seacte,  near 
Coban,  Alta  Verapaz,  Guatemala,  by  having  the  similar  shape 
of  the  two  large  tubercles  of  tibia  II,  but  on  P.  chankin  these 
tubercles  are  larger  than  on  P.  seacus;  on  P.  seacus  both  of 
these  tubercles  are  aligned,  on  the  basal  one-third  of  the  tibia, 
whereas  on  P.  chankin  they  are  offset;  one  is  dorsomedian  and 
the  other  one  ventrodistal  (Fig.  3).  Pseuclocellus  chankin  has 
very  robust  femur  II,  approximately  2.4  times  longer  than 
wide,  whereas  on  P.  seacus  it  is  relatively  thinner,  “about  three 
times  as  long  as  wide”  (Platnick  & Pass  1982:5).  There  is  a 
considerable  difference  in  size,  the  new  species  larger:  the  total 
length  of  male  holotype  of  P.  chankin  is  6. 15  mm,  whereas  the 
total  length  of  the  male  of  P.  seacus  is  only  3.67  mm.  In 
addition,  the  tarsal  process  of  the  copulatory  apparatus  on  P. 
seacus  is  trifurcated  distally,  whereas  on  P.  chankin  it  is  wider 
distally  and  is  conical-shaped  with  a single,  blunt  end  (Figs.  4, 
5);  the  accessory  piece  on  P.  chankin  is  bifurcated  distally, 
whereas  on  P.  seacus  it  is  not.  The  metatarsal  process  in  the 
new  species  is  longer,  about  two-thirds  the  length  of  the 
metatarsus,  whereas  on  P.  seacus  it  is  only  about  one-third  the 
length  of  the  metatarsus.  Finally,  the  spermathecae  are  similar 
in  both  species,  but  on  the  new  species  they  are  thinner  than 
on  P.  seacus  (Figs.  6,  7). 

Distribution. — This  species  is  known  from  Chiapas  and 
Tabasco  in  Mexico,  and  Peten  in  Guatemala  (Fig.  31). 

Natural  history. — Specimens  of  P.  chankin  from  Chiapas 
were  collected  at  144  m elev.,  deep  inside  the  cave,  except  the 
female  from  Hidalgo  Cortes  which  was  collected  under  a rock 
in  the  tropical  rainforest  of  the  Reserva  de  Montes  Azules. 
The  specimens  from  the  cave  were  collected  approximately 
50  m inside  it,  on  the  walls  and  under  rocks,  near  bat  guano 
(Figs.  8,  9).  The  cave  had  high  humidity,  ca  70%,  and  was 
fairly  warm.  The  habitat  outside  the  cave  is  tropical  rainforest, 
in  the  Lacandona  region  located  in  eastern  Chiapas,  near  the 
border  with  Guatemala. 

Remarks. — Cokendolpher  & Enriquez  (2004)  reported  the 
specimens  from  Guatemala  (see  Other  Specimens  Examined, 
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Figure  10. — Pseudocellus  jarocho  new  species.  Male  holotype.  Habitus,  dorsal  view.  Scale  = 1 mm. 


above)  as  a new  species  of  Pseudocellus,  but  the  species  was 
not  described. 

Pseudocellus  jarocho  new  species 
Figs.  10-16 

Type  material. — MEXICO:  Veracruz:  holotype  male,  5 km 
E of  Tlaquilpa  (18.64103333°N,  97.10725°W,  2169  m),  24 
March  2007,  A.  Valdez,  O.  Francke,  H.  Montano,  C. 
Santibaiiez,  A.  Ballesteros,  pine-oak  forest  (CNAN-T0627). 
Paratypes:  1 female  (CNAN-T0628),  1 male,  2 females,  2 
tritonymphs  (CNAN-T0629),  same  data  as  holotype. 

Etymology. — The  specific  name  is  a noun  in  apposition  and 
refers  to  the  common  name  given  to  people  born  in  the  state  of 
Veracruz:  Jarocho. 

Diagnosis. — Males  can  be  distinguished  by  the  two  ventral 
rows  of  curved  spines  on  tibia  II  (Fig.  12);  by  having  tarsal 
process  with  two  tips  distally,  and  the  accessory  piece  of  tarsal 
process  of  leg  III  (displaced  position)  bifurcated  (Fig.  14); 
metatarsal  process  relatively  long  and  curved  (Fig.  13);  and  by 
the  evenly  oval  shape  of  the  cucullus  (Fig.  11).  Females  can  be 
distinguished  by  the  double  receptacle  of  the  spermathecae  in 
each  side,  and  rounded  distally  (Figs.  15,  16). 

Description. — Male  (holotype):  Carapace:  Slightly  longer 
than  wide,  wider  posteriorly,  at  level  of  coxae  II  and  III. 
Covered  with  numerous,  long,  fine  translucent  setae;  and 
numerous,  small  round  granules,  visible  on  ocular  areas  or 
marginal  pale  areas,  located  near  coxae  II  (Fig.  10).  Dorsal 
depression  shallow,  longitudinal,  medial. 


Cucullus:  Wider  than  long,  rounded  laterally,  with  a slight 
notch  distally.  With  numerous  small,  round  granules;  with 
moderately  dense,  fine  and  long  translucent  setae,  especially 
on  distal  part  where  they  are  longer  (Fig.  11). 

Chelicerae:  Fixed  finger  shorter  than  movable,  right  fixed 
finger  with  six  teeth,  left  with  five,  increasing  in  size  distally. 
Both  movable  fingers  with  six  teeth,  basal-most  longest. 

Sternal  region:  Coxae  I meeting  the  tritosternum  in  a single 
point;  coxae  II  meeting  it  along  anterior  quarter,  coxae  II 
longer  than  others. 

Pedipalps:  Trochanters  1 and  2 with  few  ventral  rounded 
granules.  Femora  curved  distally;  without  granules;  with  fine, 
translucent  setae,  distally  decreasing  in  size.  Tibiae  with 
rounded  granules  ventro-distally;  with  fine,  translucent  setae, 
mostly  uniform  in  size  but  some  longer  ones  distally. 

Legs:  Femora  I,  III  and  IV  with  two  ventral  rows  of  spines. 
Femur  II  with  dispersed  ventral  spines.  Tibia  I with  two 
ventral  rows  of  small  spines.  Tibia  II  with  two  ventral  rows  of 
large  spines  (Fig.  12).  Tibiae  III-IV  with  few  spines.  Meta- 
tarsus I with  two  dorsal  rows  of  spines,  ventrally  with 
dispersed  granules.  Metatarsus  II  with  numerous  prolateral, 
retrolateral,  and  ventral  spines,  and  with  two  ventral  rows  of 
spines,  shorter  than  on  tibia  II.  Metatarsus  IV  distally  with 
two  dorsal  rows  with  few  spines,  ventrally  without  granules. 

Copulatory  apparatus:  Metatarsus  short  and  wide,  ventrally 
with  one  slight  notch  distally.  Metatarsal  process  long  and 
sigmoidal;  tarsal  process  curved,  widest  at  y4  of  its  length 
(Fig.  13).  Lamina  cyathiformis  of  tarsomere  2 rounded 
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Figures  11-16. — PseudoceUus  jarocho  new  species.  Male  holotype.  11.  Cucullus,  dorsal  view;  12.  Left  tibia  II,  dorsal  view;  13.  Left  leg  III, 
metatarsus  and  tarsal  process,  prolateral  view;  14.  Tarsal  process  (displaced  position),  prolateral  view.  Female  paratype.  Spermathecae;  15. 
Anterior  view;  16.  Posterior  view.  Scales  = 0.5  mm  (Figs.  11-14),  0.3  mm  (Figs.  15,  16). 


distally,  with  slight  notch  basally;  tarsomere  2 wider  basally 
than  distally  (Fig.  13). 

Opisthosoma:  Longer  than  wide,  widest  at  posterior  part, 
between  tergites  XII  and  XIII  (Fig.  10).  Tergite  XI  wider  than 
long,  tergites  XII-XIII  and  lateral  tergites  longer  than  wide 
(Fig.  10).  Lateral  tergites  inclined  up  and  outwards,  forming 
an  ample  concavity  in  median  region  (Fig.  10).  Ventrally  and 
dorsally  covered  uniformly  with  numerous  fine,  translucent 
setae.  Tergites  X-XIII  with  granules,  vestigial  on  tergite  XIII. 
Pygidium  basal  segment  without  notches  posteriorly  on  dorsal 
and  ventral  margins. 

Coloration:  Body  reddish-brown;  pedipalps,  legs  I,  III-IV 
dark  brown,  lighter  distally.  Cucullus,  carapace,  opisthosoma 
and  legs  II  dark  reddish.  Opisthosoma  dark  ventrally. 

Measurements:  Total  length  (carapace  + opisthosoma  + 
pygidium)  5.15.  Carapace  1.70  long,  1.60  wide  (widest  part). 
Cucullus  0.73  long,  1.15  wide.  Opisthosoma  3.42  long,  2.05 
wide  (widest  part).  Femur  II  1/d:  2.58.  Legs  tarsal  formula  (legs 
I-IV):  1 -5-4-5.  Leg  lengths,  I:  coxa  0.80/  trochanter  1 0.48/ 
trochanter  2 -/  femur  1.37/  patella  0.62/  tibia  1.00/  metatarsus 


1.17/  tarsus  0.52/  total  5.96;  II:  0.97/  0.72/  -/  2.27/  1.10/  1.67/ 
1.62/  1.90/  10.25;  III:  0.76/  0.51/  0.55/  1.38/  0.73/  0.86/  0.90/ 
1 .42/  7.11;  IV:  0.70/  0.57/  0.53/  1 .45/  0.65/  1 .00/  1 .01/  1 .07/  6.98. 
Pedipalp:  0.55/  0.32/  0.30/  0.93/  -/  1.37/  -/  0.15/  3.62.  Leg 
formula:  2341. 

Variation:  {n  = 2).  Paratype  male  reddish-brown,  darker 
than  holotype.  Granules  on  body  and  legs  more  developed  on 
holotype  than  on  paratype.  Movable  finger  of  chelicerae  with 
six  teeth  on  holotype,  five  teeth  on  paratype.  The  number  of 
long  spines  on  the  two  ventral  rows  on  tibia  II  variable  but 
similar  in  shape  on  both  males.  The  number  of  spines  on  the 
two  ventral  rows  on  metatarsus  II  variable  and  longer  on  the 
holotype  than  on  the  paratype.  Total  length:  5.10,  5.15  (T  = 
5.12),  Cucullus:  width  1.13,  1.15  (T  = 1.14),  Carapace:  width 
1 .55,  1 .60  {x  = 1 .57),  Opisthosoma:  length  3.37,  3.42  (x  = 3.39), 
width  1.92,  2.05  (x  = 1.98),  Femur  II  1/d:  2.58,  3.14  (x  = 2.86). 

Female  (paratype):  Differs  from  male  as  follows:  Cheliceral 
right  fixed  finger  with  six  teeth,  left  with  nine  teeth.  Femur  II 
with  dispersed  ventral  spine-shaped  granules,  faint.  Tibia  II 
with  two  ventral  rows  of  spines  smaller  than  on  the  male. 
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Metatarsus  I with  ventral  dispersed  granules,  only  basally. 
Numerous  prolateral,  retrolateral,  and  ventral  spine-shaped 
granules,  and  the  two  ventral  rows  of  spines  of  metatarsus  II 
smaller  than  the  male.  Opisthosoma  ventrally  lighter  than  on 
the  male. 

Measurements:  Total  length  5.40.  Carapace  1.72  long,  1.70 
wide  (widest  part).  Cucullus  0.73  long,  1.20  wide.  Opistho- 
soma 3.70  long,  2.20  wide  (widest  part).  Femur  II  1/d:  4.10. 
Legs  tarsal  formula  (legs  1-IV):  1-5-4-5.  Leg  lengths,  I:  coxa 
0.75/  trochanter  I 0.46/  trochanter  II  -/  femur  1.28/  patella 
0.60/  tibia  0.93/  metatarsus  1.16/  tarsus  0.53/  total  5.71;  II: 
1.00/  0.71/  -/  2.05/  0.96/  1.60/  1.63/  1.83/  9.78;  III:  0.85/  0.50/ 
0.50/  1 .35/  0.68/  0.98/  1 .00/  0.90/  6.76;  IV:  0.73/  0.58/  0.53/  1 .41/ 

O. 67/  1.06/  1.05/  1.02/  7.05;  Pedipalp:  0.62/0.38/  0.42/  1.02/  -/ 

I. 51/-/  0.15/  4.10.  Leg  formula:  2431. 

Variation:  («  = 2).  One  female  reddish,  darker  than  the 
other  one.  Granules  more  prominent  on  lighter  female. 
Variable  number  of  ventral  spine-shaped  tubercles  on  femur 

II.  Variable  number  and  size  of  spines  on  ventral  rows  of  tibia 
and  metatarsus  11.  Total  length:  5.25,  5.40  (x  = 5.32), 
Cucullus:  width  1.15,  1.20  (x  = 1.17),  Carapace:  width  1.62, 
1.70  (x  = 1.66),  Opisthosoma:  length  3.60,  3.70  (x  = 3.65), 
width  2.10,  2.20  (x  = 2.15).  Femur  H 1/d:  4.10,  4.60  (x  = 4.35). 

Tritonymph;  Carapace  as  long  as  wide,  with  two  inconspic- 
uous dorsal  depressions  on  median  part  (one  on  each  side)  and 
four  inconspicuous  on  posterior  part  (two  on  each  side). 
Carapace,  cucullus,  legs,  and  opisthosoma  covered  with 
numerous  rounded  granules  and  translucent  setae.  Cucullus 
wider  than  long,  covered  with  fine  translucent  setae,  longer 
distally.  Opisthosoma  longer  than  wide,  tergites  XI  and  XII 
wider  than  long,  tergite  XIII  longer  than  wide;  sternites  XI- 
XIII  well  visible,  not  fused  in  comparison  with  adults. 
Appendages  and  body  brown-orange,  darker  on  opisthosoma. 
Measurements:  Total  length  5.00.  Carapace  1.45  long,  1.45 
wide  (widest  part).  Cucullus  0.61  long,  1.00  wide.  Opistho- 
soma 3.32  long,  2.22  wide.  Legs  tarsal  formula  (legs  I-IV):  1-5- 
4-5.  Variation:  (/;  = 2).  One  specimen  orange-brown  in  color, 
the  other  brown.  Total  length  4.25,  5.00  (x  = 4.62).  Cucullus: 
width  1.00,  1.00  (x  = 1.00);  Carapace;  width  1.45,  1.45  (x  = 
1.45);  Opisthosoma:  length  3.32,  2.97  (x  = 3.14);  width  2.22, 
1.95  (x  - 2.08). 

Related  species. — Pseudocellus  jarocho  resembles  Pseudocel- 
his  dorotheae  from  Edinburg,  Texas,  USA,  and  P.  pelaezi  from 
San  Luis  Potosi,  Mexico.  The  resemblance  with  P.  dorotheae  is 
in  the  similar  overall  shape  and  in  the  ventral  spines  of  patella 
and  tibia  II,  but  on  P.  jarocho  the  patella  is  convex  ventrally, 
whereas  on  P.  dorotheae  it  has  a deep  medial  concavity;  P. 
dorotheae  has  patella  II  longer  than  P.  jarocho,  with  larger 
spines,  particularly  distally;  P.  jarocho  has  the  spines  along  the 
two  ventral  rows  of  the  tibia  II  larger  than  on  P.  dorotheae 
(Fig.  12),  and  that  species  has  more  spines  than  P.  jarocho. 
Tibia  II  of  P.  jarocho  has  a distal  concavity  deeper  than  P. 
dorotheae  (Fig.  12).  The  new  species  is  larger:  the  total  length 
of  holotype  male  of  P.  jarocho  is  5.15  mm,  whereas  the  male  of 

P.  dorotheae  is  3.15  mm  long.  Metatarsus  III  is  proportionally 
two  times  slightly  longer  on  P.  jarocho  than  on  P.  dorotheae, 
and  the  metatarsal  process  in  that  species  is  curved,  whereas 
on  P.  jarocho  it  is  sigmoidal  (Fig.  13).  Finally,  the  tarsal 
process  on  P.  dorotheae  is  S-shaped  whereas  on  P.  jarocho  it  is 
J-shaped  (Figs.  13,  14). 


Figure  17. — Pseudocellus  oztotl  new  species.  Male  holotype. 
Habitus,  dorsal  view.  Scale  = 1 mm. 


The  resemblance  with  P.  pelaezi  is  in  the  similar  shape  of 
tibia  II  and  in  the  two  ventral  rows  of  spines  of  tibia  II,  but  on 
P.  jarocho  tibia  II  has  a distal  concavity  deeper  than  P.  pelaezi 
and  the  two  ventral  rows  of  spines  are  longer  and  stronger 
than  on  P.  pelaezi  (Figs.  10,  12).  Pseudocellus  jarocho  is  larger 
than  P.  pelaezi:  total  length  of  holotype  male  is  5.15  mm, 
whereas  the  male  of  P.  pelaezi  has  a total  length  of  3.90  m.m. 
Pseudocellus  jarocho  has  femur  and  patellae  II  stronger  than  P. 
pelaezi  (Fig.  10),  although  the  patellae  II  of  P.  pelaezi  has 
more  granules  ventrally  than  P.  jarocho.  Pseudocellus  jarocho 
has  two  dorsal  rows  of  strong  spines  on  metatarsus  II 
(Fig.  10),  while  P.  pelaezi  has  only  numerous  dorsal  granules, 
not  distinctly  aligned.  Pseudocellus  jarocho  has  small  spines 
dorsally  on  tarsomeres  I-III  of  tarsus  II  (Fig.  10),  while  P. 
pelaezi  has  small  dorsal  granules  on  these  tarsomeres.  Finally, 
P.seudocellus  jarocho  has  metatarsus  III  of  male  longer  than  on 
P.  pelaezi,  and  also  P.  jarocho  has  the  metatarsal  process 
thinner  than  on  P.  pelaezi  (Fig.  13). 

Distribution. — This  species  is  known  only  from  the  type 
locality  (Fig.  31). 

Natural  history. — All  specimens  of  P.  jarocho  were  collected 
under  the  same  boulder,  around  80  cm  in  diameter.  The  type 
locality  is  in  pine-oak  forest,  located  in  an  extensive  karstic 
zone  with  many  rocks  and  boulders,  2,169  m elev. 

Pseudocellus  oztotl  new  species 
Figs.  17-23 

Type  material. — MEXICO:  Puebla:  holotype  male,  from 
“Cueva  de  Las  Tres  Quimeras”  (18.31 168°N,  96.84589°W), 
TIacotepec  de  Diaz,  Municipio  de  San  Sebastian  Tlacotepec,  1 
April  2009,  B.  Shade  (CNAN-T0680).  Paratypes:  1 female 
(CNAN-T0681),  1 male  (CNAN-T0682),  same  data  as 
holotype. 

Etymology. — The  specific  name  is  a noun  in  apposition,  and 
refers  to  their  cave  habitat,  ‘oztotl’  means  ‘cave’  in  the  Nahuatl 
language,  an  ancient  language  currently  spoken  by  some 
native  people  from  Central  Mexico,  including  the  State  of 
Puebla  and  the  mountainous  region  around  the  type  locality. 

Diagnosis. — Troglomorphic,  pale  and  elongated:  femur  II 
11  times  longer  than  wide  on  males  (Fig.  17),  12.5  times  on 
female.  Males  can  be  distinguished  by  the  two  ventral  rows  of 
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Figures  18-23. — Pseiidocelliis  oztotl  new  species.  Male  holotype.  18.  Cucullus,  dorsal  view;  19.  Left  tibia  II,  dorsal  view;  20.  Left  leg  III, 
metatarsus  and  tarsal  process,  prolateral  view;  21.  Tarsal  process  (displaced  position),  prolateral  view.  Female  paratype.  Spermathecae;  22. 
Anterior  view;  23.  Posterior  view.  Scales  = 1 mm  (Figs.  18-20),  0.5  mm  (Figs.  21-23). 


short  spines  on  the  thin  tibiae  II  (Fig.  19);  the  tarsal  process 
wider  distally  and  evenly  curved  (Fig.  21);  by  the  distally 
bifurcated  accessory  piece  of  the  tarsal  process  (displaced 
position)  and  by  the  shape  of  cucullus  (Fig.  18).  Females  can 
be  distinguished  by  the  small  and  double  rounded  spermathe- 
cae (Figs.  22,  23). 

Description. — Male  (holotype):  Carapace:  Longer  than 
wide,  noticeably  wider  posteriorly,  near  coxae  IV;  covered 
with  numerous,  long,  translucent  setae  (Fig.  17).  Median 
longitudinal  groove  distinct;  dorsal  concavity  point-shaped, 
located  in  posterior  part  of  longitudinal  groove  (Fig.  17).  With 
four  inconspicuous  marginal  depressions. 

Cucullus:  Wider  than  long,  with  numerous  rounded 
granules,  larger  than  those  on  carapace.  Long  translucent 
setae,  increasing  in  size  distally  (Fig.  18). 

Chelicerae:  Fixed  finger  shorter  than  movable;  fixed  finger 
with  six  teeth,  distal  tooth  longer  than  others;  movable  finger 
with  seven  teeth,  basal  tooth  longer  than  others. 

Sternal  region:  Coxae  I meet  the  tritosternum  distally;  coxae 
II  meet  it  along  anterior  fourth;  coxae  II  considerably  longer 
and  wider  than  others. 

Pedipalps:  Trochanter  1 with  numerous  rounded  granules, 
trochanter  2 with  rounded  granules  ventrodistally.  Femur 


curved  distally,  without  rounded  granules.  Tibia  with  few, 
rounded  granules  ventrodistally.  Femur  and  tibia  with 
numerous  translucent  setae;  on  femur  longer  ventrally,  on 
tibia  longer  distally. 

Legs:  Femora  I-IV  with  few  ventral  spines.  Femur  II  wider 
than  others  (Fig.  17).  Tibia  I and  II  with  few  ventral  spines, 
longer  in  tibia  II  (Fig.  19).  Tibia  III  and  IV  without  spines. 
Metatarsus  I with  few  dorsal  spines.  Metatarsus  II  with 
numerous  ventral  spines.  Metatarsus  III  without  granules, 
metatarsus  IV  with  few  dorsal  spines  distally. 

Copulatory  apparatus;  Metatarsus  with  metatarsal  process 
long  (Fig.  20).  Tarsal  process  wide  and  curved  (Figs.  20,  21). 
Lamina  cyathiformis  of  tarsomere  2 with  slight  notch  basally 
(Fig.  20). 

Opisthosoma:  Longer  than  wide  (Fig.  17).  Covered  uni- 
formly with  numerous,  small  translucent  setae  dorsal  and 
ventrally.  Tergites  XI  and  XII  wider  than  long,  tergite  XIII 
longer  than  wide  (Fig.  17).  Lateral  tergites  longer  than  wide 
(Fig.  17).  All  tergites  with  numerous  small,  rounded  granules. 
Tergites  XI-XIII  with  paired  shallow  concavities. 

Coloration:  Cucullus,  carapace,  and  opisthosoma  brownish, 
opisthosoma  darker.  Pedipalps  and  legs  light  brown,  legs  II 
darker.  Tarsomeres  on  all  legs  pale  brown. 
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Measurements:  Total  length  (carapace  + opisthosoma  + 
pygidiuni)  6.70.  Carapace  2.00  long,  1.90  wide  (widest  part). 
CucLillus  1.00  long,  1.63  wide.  Opisthosoma  4.70  long,  2.66 
wide  (widest  part).  Femur  II  1/d:  10.25.  Legs  tarsal  formula 
(legs  L-IV):  1 -5-4-5.  Leg  lengths,  I:  coxa  0.98/  trochanter  1 
0.65/  trochanter  2 -/  femur  2.50/  patella  1.05/  tibia  1.75/ 
metatarsus  2.00/  tarsus  0.82/  total  9.75;  11:  1.05/  1.00  / -/  4.10/ 
1.95/  3.00/  3.05/  3.25/  17.40;  III:  0.90/  0.80/  0.95/  2.55/  1.10  / 
1.50/  1.27/  1.65/  10.72;  IV:  0.80/  0.83/  0.86/  2.85/  1.16/  1.95/ 
1.70/  1.55/  11.70;  Pedipalp:  0.83/  0.50/  0.45/  1.28/  -/  1.88/  -/ 
0.23/  5.17.  Leg  formula:  2431. 

Variation:  (n  = 2).  Holotype  male  darker  than  paratype. 
Paired  concavities  on  tergites  XI-XIII  less  inconspicuous  on 
paratype  than  on  holotype.  Total  length:  6.40,  6.70  (T  = 6.55), 
Cucullus:  width  1.55,  1.63  (x  = 1.59),  Carapace:  width  1.85, 
1.90  {x  = 1.87),  Opisthosoma:  length  4.70,  4.71  (x  = 4.705), 
width  2.57,  2.66  (x  = 2.61).  Femur  II  1/d:  10.25,  10.75  (x  = 
10.50). 

Female  (paratype):  Differs  from  male  as  follows:  Femora  I- 
IV  with  fewer  and  smaller  ventral  spines.  Tibiae  I,  III-IV 
without  ventral  spines.  Tibiae  II  with  fewer  and  smaller 
ventral  spines.  Sternites  XI,  XII  and  XIII  with  paired  dark, 
thin  depressions. 

Measurements:  Total  length  6.50.  Carapace  1.90  long,  1.85 
wide  (widest  part).  Cucullus  0.96  long,  1.53  wide.  Opistho- 
soma 4.80  long,  2.87  wide  (widest  part).  Femur  II  I/d:  11.42. 
Legs  tarsal  formula  (legs  I-IV):  1 -5-4-5.  Leg  lengths,  I:  coxa 
0.95/  trochanter  1 0.63/  trochanter  2 -/  femur  2.45/  patella  0.97/ 
tibia  1.80/  metatarsus  1.92/  tarsus  0.76/  total  9.48;  II:  1.08/ 

O. 95/  -/  3.97/  1.77/  2.90/  3.03/  2.95/  16.65;  III:  0.90/  0.75/  0.86/ 
2.73/  1.10  / 1.82/  1.60/  1.26/  11.02;  IV:  0.83/  0.85/  0.85/  2.86/ 
1.11/  1.92/  1.78/  1.38/  11.58;  Pedipalp:  0.83/0.47/  0.43/  1.33/  -/ 
1.91/  -/  0.26/  5.23.  Leg  formula:  2431. 

Related  species. — Pseudocelhis  oztotl  resembles  P.  osorioi 
from  Cueva  de  Los  Sabinos,  San  Luis  Potosi,  Mexico,  and  the 
other  new  troglomorphic  species  described  below  (see  discus- 
sion in  the  descriptions  of  those  species  below).  Pseudocelhis 
oztotl  is  longer  than  P.  osorioi:  the  total  length  (carapace  + 
opisthosoma  -i-  pygidium)  of  P.  oztotl  is  6.55,  whereas  P. 
osorioi  is  5.50  mm  long.  It  is  similar  to  P.  osorioi  in  the  shape 
of  the  spines  of  tibia  II  on  the  male,  but  on  P.  oztotl  the 
spiniform  granules  are  bigger  than  on  P.  osorioi  (Fig.  19).  The 
cucullus  is  more  rounded  on  P.  oztotl  than  on  P.  osorioi 
(Fig.  18).  The  ocular  areas  are  visible  in  P.  osorioi,  but  in  P. 
oztotl  are  not  present  (Fig.  17).  The  metatarsal  process  on  P. 
oztotl  is  straight  distally,  whereas  on  P.  osorioi  it  is  hooked 
and  shorter  (Fig.  20).  Metatarsus  on  leg  III  of  male  P.  oztotl  is 
rectangular,  whereas  on  P.  osorioi  it  is  triangular.  Tarsomere  1 
of  leg  III  on  male  P.  oztotl  is  proportionately  longer  than  on 

P.  osorioi  (Fig.  20).  The  basal  part  of  tarsal  process  is  longer 
on  P.  oztotl  than  on  P.  osorioi  (Fig.  21).  Finally,  the  tarsal 
process  on  P.  oztotl  is  wider  than  on  P.  osorioi,  and  the  tip  is 
thin  and  straight  in  P.  oztotl  (Figs.  20,  21),  and  on  P.  osorioi  it 
is  wider  and  curved. 

Pseudocellus  oztotl  is  the  fourth  known  species  in  which  femur 
II  is  twice  as  long  or  longer  than  the  carapace  on  adult  males,  i.e., 
which  shows  pronounced  troglomorphism.  In  decreasing  order  of 
relative  elongation  (Femur  II  LI  Carapace  L),  first  comes 
Pseudocellus  krejcae  Cokendolpher  & Enriquez  2004,  from 
Cebada  Cave  in  Belize,  with  a ratio  of  3.5,  followed  by  P. 


Figure  24. — Pseudocellus  platnicki  new  species.  Male  holotype. 
Habitus,  dorsal  view.  Scale  = 1 mm. 


shordoni  from  Cueva  de  Las  Canicas,  Chiapas,  with  a ratio  of 
2.44,  then  P.  oztotl  with  a ratio  of  2.1,  and  finally  P.  reddelU  from 
Cueva  de  Los  Riscos,  Durango,  with  a ratio  of  2.0.  Compared 
with  P.  oztotl,  in  P.  osorioi  the  ratio  is  only  1.84;  and  in  other 
cavernicolous,  but  slightly  less  troglomorphic  species,  the  ratio  is 
even  lower,  as  follows:  in  P.  bolivari  from  Grutas  de  Zapaluta, 
Chiapas  1.8;  in  P.  silvai  Armas  1977,  from  Cueva  de!  Pirata,  Cuba, 
it  is  1 .7;  in  P.  honeti  from  Grutas  de  Cacahuamilpa,  Guerrero,  it  is 
1 .5,  as  it  is  in  P.  pearsei  from  the  Yucatan  Peninsula. 

Distribution. — This  species  is  known  only  from  the  type 
locality  (Fig.  31). 

Natural  history. — Cueva  Las  Tres  Quimeras  was  explored 
by  the  Societe  Quebecoise  de  Speleologie  in  four  separate 
expeditions  from  2005  to  2009.  The  entrance  is  at  1,440  m 
elev.;  it  is  5,212  m long  and  drops  to  a depth  of  815  m below 
entrance  level.  The  ricinuleids  were  most  abundant  closer  to 
the  surface,  where  there  were  still  big  pieces  of  surface  debris 
and  insects  floating  in  the  water.  They  were  found  on  gravel 
piles  close  to  the  water  level  (Beverly  Shade,  collector  of  the 
types,  pers.  comm.,  January  2011). 

Pseudocellus  platnicki  new  species 
Figs.  24-30 

Pseudocellus  sp.  nov.  1:  Cokendolpher  & Enriquez  2004:99. 

Type  material. — MEXICO:  Coahuila:  holotype  male,  Cueva 
Sasaparilla,  Rancho  Las  Pilas,  130  km  WSW  de  Ciudad 
Acuna  (28.816667°N,  102.0000°W),  23  August  1997,  D.  A. 
Hendrickson,  J.  Krejca,  J.  C.  Brown  (CNAN-T0687). 
Paratype:  1 female  (CNAN-T0688),  same  data  as  holotype. 

Etymology. — This  species  dedicated  to  Dr.  Norman  I.  Platnick 
(American  Museum  of  Natural  History),  for  his  contribution  to 
the  knowledge  of  ricinuleids  in  the  New  World. 

Diagnosis. — Males  can  be  distinguished  by  a granulose 
prolateral  hump  on  tibia  I (Figs.  24,  26);  by  the  long  femur  II 
(Fig.  24),  10.5  times  longer  than  wide;  by  having  metatarsal 
process  long,  slender  and  curved  distally  (Fig.  27);  and  by 
having  the  tarsal  process  with  a sharp  basal  bend  (Fig.  28). 
Females  can  be  distinguished  by  the  long  and  distally  rounded 
spermathecae  (Figs.  29,  30). 
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Figures  25-30. — Pseudocellus  platnicki  new  species.  Male  holotype.  25.  Ciicullus,  dorsal  view;  26.  Left  tibia  I,  ventral  view;  27.  Left  leg  III, 
metatarsus  and  tarsal  process,  prolateral  view;  28.  Tarsal  process  (displaced  position),  prolateral  view.  Female  paratype.  Spermatliecae.  29. 
Anterior  view;  30.  Posterior  view.  Scales  = 1 mm  (Figs.  26-28),  0.5  mm  (Figs.  25,  29,  30). 


Description, — Male  (holotype):  Carapace:  Longer  than 
wide,  wider  posteriorly  near  coxae  III.  Evenly  pitted,  with 
few  rounded  granules  present  along  inconspicuous  dorsal 
depression;  one  central,  two  on  median  part  (one  on  each  side 
of  midline)  and  two  on  posterior  part  (one  on  each  side  of 
midline).  Covered  with  numerous  small,  translucent  setae 
(Fig.  24).  Ocular  areas  located  along  coxae  II  and  III. 

Cucullus:  Wider  than  long.  Evenly  pitted;  with  few, 
scattered  small  round  granules  basally  (Fig.  25);  covered  with 
small  translucent  setae,  some  longer  than  others  (Fig.  25). 

Chelicerae:  Fixed  finger  shorter  than  movable.  Left  fixed 
finger  with  six  teeth,  right  finger  with  five  teeth,  the  last  two 
teeth  longer  than  the  others  on  both  fingers.  Left  movable 
finger  with  five  teeth  of  different  sizes;  right  finger  with  five 
teeth,  basal  tooth  distinctly  longest. 

Sternal  region:  Coxae  I meet  tritosternum  in  a single  point; 
coxae  II  meet  it  along  anterior  third,  coxae  II  longer  than  the 
others.  All  coxae  evenly  pitted,  without  granules. 

Pedipalps:  Coxa  evenly  pitted.  Trochanter  1 pitted,  with  1-5 
granules  distally.  Trochanter  2,  femur  and  tibia  evenly  pitted, 
without  granules.  All  segments  covered  with  translucent  setae, 
shorter  on  tibia;  tibia  distally  with  a few  setae  longer  than  on 
other  segments. 


Legs:  Covered  with  small  translucent  setae.  All  segments 
elongated  and  thin,  evenly  pitted,  without  spines  and  granules 
(Fig.  24),  except  granules  on  retrolateral  part  of  coxa  I and  tibia 
I with  a granulose  prolateral  hump  (Figs.  24,  26).  Tarsus  111 
covered  ventrally  with  numerous,  long  setae.  Tarsal  claws  long. 
Tarsi  1 and  II  with  a distal  projection  between  the  tarsal  claws. 

Copulatory  apparatus:  Metatarsus  elongate,  conical;  meta- 
tarsal process  elongate,  curved  distally  (Fig.  27).  Tarsomere  2 
elongate,  square  (Fig.  27).  Lamina  cyathiformis  of  tarsomere  2 
triangular  (Fig.  27).  Tarsal  process  ending  in  thin  tip  (Fig.  27). 

Opisthosoma:  Longer  than  wide,  widest  at  midpoint  along 
tergite  XII  (Fig.  24).  Pitted,  with  few  small  granules  anteriorly 
on  tergites  X-XII  and  first  two  marginal  tergites  (Fig.  24). 
Tergite  XI  wider  than  long,  tergites  XII  and  XI II  longer  than 
wide.  Sternites  evenly  pitted,  on  sternites  XI  and  XII  quite 
conspicuously.  Pygidium  basal  segment  distally  with  small 
dorsal  notch. 

Coloration:  Cucullus,  carapace,  pedipalps,  and  coxae  of  legs 
pale  orange.  Trochanters  I and  II  orange,  trochanters  III  and 
IV  pale  orange.  Femorae,  patellae,  tibiae  and  metatarsi 
brownish,  on  each  segment  paler  distally.  Tarsi  pale  orange. 
Opisthosoma  yellowish,  sternites  XI  and  XII  dark  orange. 
Pygidium  brownish. 
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Figure  3F — Distribution  records  of  Pseiulocelliis  dumkin,  P.  jciroclio,  P.  oztotl  and  P.  platnicki. 


Measurements:  Total  length  (carapace  + opisthosoma  + 
pygidium)  6.20.  Carapace  1.70  long,  1.55  wide  (widest  part). 
Cucullus  0.87  long,  1.42  wide.  Opisthosoma  4.30  long,  2.35 
wide  (widest  part).  Femur  II  I/d:  10.57.  Legs  tarsal  formula 
(legs  I-IV):  1 -5-4-5.  Leg  lengths,  1:  coxa  0.80/  trochanter  1 
0.61/  trochanter  2 -/  femur  2.30/  patella  0.82/  tibia  1.65/ 
metatarsus  1.77/  tarsus  0.73/  total  8.68;  II:  0.90/  0.80/  -/  3.67/ 
1.45/  2.65/  2.52/  2.37/  14.36;  III:  0.81/  0.70/  0.81/  2.45/  1.07/ 
1.62/  1.25/  1.45/  10.16;  IV:  0.73/  0.78/  0.76/  2.85/  1.05/  1.90/ 
1 .75/  1 .27/  1 1 .09;  Pedipalp:  0.7/  0.47/  0.32/  1 .32/  -/  1 .80/  -/  0.30/ 
4.91.  Leg  formula:  2431. 

Female  ( paratype):  Differs  from  male  as  follows:  Tibia  I 
without  granulose  prolateral  hump.  Cheliceral  fixed  finger 
with  five  teeth,  distal  tooth  longer  than  the  others.  Both 
movable  fingers  of  chelicerae  with  five  teeth,  decreasing  in  size 
distally.  Cucullus,  carapace  and  legs  brown.  Opisthosoma, 
tergites  and  sternites  orange;  sternite  XI  paler  than  the  others. 

Measurements:  Total  length  6.40.  Carapace  length  1.82, 
width  1.67  (widest  part).  Cucullus  length  0.85,  width  1.40. 
Opisthosoma  length  4.55,  width  2.50  (widest  part).  Femur  II 1/ 
d:  10.71.  Legs  tarsal  formula  (legs  I-IV):  1 -5-4-5.  Leg  lengths, 
I:  coxae  0.76/  trochanter  1 0.56/  trochanter  2 -/  femur  2.37/ 
patella  0.90/  tibia  1.75/  metatarsus  1.85/  tarsus  0.70/  total  8.89; 

II:  0.95/  0.80/  -/  3.75/  1.50/  2.65/  2.55/  2.40/  14.60;  III:  0.86/ 

0.63/  0.73/  2.65/  1.06/  1.77/  1.70/  1.18/  10.58;  IV;  0.80/  0.78/ 

0.80/  2.90/  1.06/  1.96/  1.80/  1.27/  11.37;  Pedipalp:  0.75/  0.47/ 

O. 43/  1.46/  -/  1.92/  -/  0.35/  5.38.  Leg  formula:  2431. 

Related  species. — P.  platnicki  resembles  P.  osorioi  from  Cueva 
de  Los  Sabinos,  San  Luis  Potosi,  Mexico,  and  P.  oztotl  from 
Cueva  Las  Tres  Quimeras,  Puebla,  Mexico.  The  resemblance  with 

P.  osorioi  lies  in  the  overall  shape,  both  are  large  species  of  similar 
size,  elongated  appendages:  P.  platnicki  has  a total  length  of 
6.20  mm  whereas  P.  osorioi  is  6.30  mm  long;  however,  P.  platnicki 


has  the  body  and  appendages  evenly  pitted  and  with  very  few 
granules,  while  P.  osorioi  is  not  pitted  and  has  numerous  granules. 
On  P.  platnicki  the  cucullus  is  oval  (Fig.  25),  whereas  on  P.  osorioi 
it  is  pentagonal.  Tibia  I on  P.  platnicki  has  a granulose  prolatera! 
hump  (Fig.  26),  which  is  lacking  on  P.  osoriov,  tibia  II  on  P.  osorioi 
has  ventral  spines,  whereas  on  P.  platnicki  it  lacks  spines  and 
granules  (Fig.  24).  Both  species  resemble  in  the  shape  of  the 
copulatory  apparatus  of  leg  III  of  male:  P.  platnicki  has  the 
metatarsal  process  thinner  than  P.  osorioi,  finally,  P.  platnicki  has 
the  tarsal  process  wider  on  the  distal  half,  whereas  on  P.  osorioi  the 
tarsal  process  is  slender  and  conical  distally. 

Pseudocellus  platnicki  is  similar  to  P.  oztotl  in  overall  shape; 
also,  both  species  have  elongated  appendages  and  similar  size,  P. 
platnicki  is  6.20  mm  long,  whereas  P.  oztotl  is  6.70  mm  (Figs.  1 7, 
24).  Tibia  I on  P.  platnicki  has  a granulose  prolateral  hump 
(Figs.  24,  26),  while  P.  oztotl  has  tibia  I with  spines  ventrally  and 
without  a granulose  prolateral  hump  (Fig.  17);  tibia  II  on  P. 
oztotl  has  spines  ventrally  (Fig.  19),  whereas  on  P.  platnicki  it 
lacks  spines  and  granules  (Fig.  24).  The  metatarsal  process  on  P. 
platnicki  is  slender  and  curved  distally,  whereas  on  P.  oztotl  it  is 
conical  and  straight  distally  (Figs.  20,  27);  the  tarsal  process  is 
thinner  on  P.  platnicki  than  on  P.  oztotl  (Pigs.  20,  28).  Finally,  on 
females  the  shape  of  the  spennathecae  is  very  different  between 
P.  platnicki  and  P.  oztotl  (Figs.  22,  23,  29,  30). 

Distribution. — This  species  is  known  only  from  the  type 
locality  (Fig.  31). 
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Appendix  1. — Material  examined  to  make  the  key  for  identification 
of  Mexican  Pseudocellus: 

Pseudocellus  boneti:  Mexico:  Guerrero:  1 <3  (CNAN-RiO'009)  from 
Gruta  de  Acuitlapan  (cave);  1 9 (CNAN-RiOOlO),  same  location;  ! 3 
(CNAN-RiOOl  1)  from  Gruta  de  la  Mariposa,  Tetipac  (cave);  1 9 
(CNAN-Ri0012),  same  location. 

Pseudocellus  gertschi:  Mexico:  Veracruz:  39,  3 nymphs  (CNAN- 
Ri0002)  from  Estacion  Biologica  de  la  UNAM  “Los  Tuxtias”  (litter). 

Pseudocellus  osoriot  Mexico:  San  Luis  Potosi:  3 9,  1 nymph 
(CNAN-Ri0004)  from  Sotano  del  Tigre,  Sierra  del  Abra  (cave); 
Tamaulipas:  1 9 (CNAN-Ri0008)  from  Cueva  de  Quintero  (cave). 

Pseudocellus  pearsei:  Mexico:  Quintana  Roo:  1 3 (CNAN-Ri0013) 
from  Caverna  “Aktum  Chen”  (cave);  Yucatan:  2 3,  4 9,  12  nymphs 
{CNAN-Ri0007)  from  Cenote  Mayapan  (cave);  3 3,  2 9,  2 nymphs 
(CNAN-Ri0014)  from  Acutun  Isban,  1.3  km  SE  of  San  Francisco 
Grande  (litter);  1 3,  2 9,  1 nymph  (CNAN-Ri0015),  same  location;  4 9 
(CNAN-Ri0016)  from  Cenote  Xcoptiel,  Xcoptiel,  4.5  km  SSW  Dzeal. 
(cave);  6 3,  3 9,  3 nymphs  (CNAN-Ri0017)  from  Actun  Olem,  1.4  km 
N Xbohom  (litter);  2 3,  3 9,  1 nymph  (CNAN-Ri0018)  from  Actun 
Yax,  5.2  km  SSW  Kaua  (cave);  4 9,  2 nymphs  (CNAN-Ri0019)  from 
Grutas  de  San  Daniel,  1.6  km  N of  Quintana  Roo  Plaza  (cave). 

Pseudocellus  pelaezi:  Mexico:  Tamaulipas:  2 3,  2 9,  4 nymphs 
(CNAN-Ri0005)  from  Cueva  de  la  Florida,  Sierra  del  Abra  (cave). 

Pseudocellus  spinotibialis:  Mexico:  Chiapas:  1 3 (ECOTAAR- 
RiOOOOl),  1 3 (ECOTAAR-Ri00002),  1 9 (ECOTAAR-Ri00003),  1 9 
(ECOTAAR-Ri00007),  1 9 (ECOTAAR-Ri00009)  from  Union 
Juarez,  Talquian  C.  (cave). 
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Evidence  that  olfaction-based  affinity  for  particular  plant  species  is  a special  characteristic  of 
Evarcha  ciilidvora,  a mosquito-specialist  jumping  spider 

Ximena  J.  Nelson'  and  Robert  R.  Jackson'  -;  'School  of  Biological  Sciences,  University  of  Canterbury,  Private  Bag  4800, 
Christchurch,  New  Zealand.  E-mail:  ximena. nelson@canterbury.ac.nz;  -International  Centre  of  Insect  Physiology  and 
Ecology,  Thomas  Odhiambo  Campus,  P.O.  Box  30  Mbita  Point,  Kenya 

Abstract.  Evarcha  ciilicivora,  an  East  African  jumping  spider  (family  Salticidae),  was  shown  in  an  earlier  study  to  have  an 
affinity  for  the  odor  from  two  particular  plant  species,  Laiitaiui  canuira  and  Ricimis  conummis.  The  olfactometer  used  in  the 
earlier  study  was  designed  for  choice  testing.  Here  we  focus  on  L.  canuira  and,  by  using  a second  olfactometer  method 
(retention  testing),  add  to  the  evidence  that  the  odor  of  this  plant  is  salient  to  E.  ciilicivora.  Another  17  East  African  salticid 
species,  all  from  different  genera,  were  investigated  using  the  same  two  olfactometer  designs  as  used  when  investigating  E. 
ciilicivora.  The  number  of  individuals  of  each  of  these  17  species  that  chose  L.  canuira  odor  was  not  significantly  different 
from  the  number  that  chose  a no-odor  control  and,  for  each  species,  the  latency  to  leave  a holding  chamber  (retention  time) 
in  the  presence  of  L.  canuira  odor  was  not  significantly  different  from  retention  time  in  the  presence  of  a no-odor  control. 

Based  on  these  findings,  we  conclude  that,  rather  than  being  a widespread  salticid  characteristic,  an  affinity  for  the  odor  of 
L.  canuira  is  a special  characteristic  of  E.  ciilicivora. 

Keywords:  Plant-arthropod  interactions,  Lantana  canuira,  Salticidae,  olfaction 


Many  insects  that  specialize  at  feeding  on  nectar  and  pollen 
associate  with  particular  plant  species  (e.g.,  Chittka  et  al.  1999; 
Waser  & Ollerton.  2006;  Diaz  et  al.  2007),  and  many  insects  are 
known  to  rely  on  specific  blends  of  plant-derived  volatile 
compounds  for  identifying  the  particular  plant  species  they 
exploit  as  sites  for  feeding  or  oviposition  (e.g.,  Pichersky  & 
Gershenzon  2002;  Bruce  et  al.  2005;  Anfora  et  al.  2009; 
Karlsson  et  al.  2009).  There  are  also  examples  of  spiders  that 
associate  with  particular  types  of  plants,  especially  pitcher 
plants  (Cresswell  1993)  and  bromeliads  (Romero  & Vascon- 
cellos-Neto  2004,  2005).  Besides  offering  opportunity  for 
nectar  and  pollen  meals  (Vogelei  & Greissl  1989;  Pollard  et  al. 
1995;  Jackson  et  al.  2001;  Taylor  & Pfannenstiel  2008,  2009; 
Taylor  & Bradley  2009),  associating  with  plants  may  reward 
spiders  with  opportunity  to  feed  on  other  plant  products 
(Meehan  et  al.  2009)  and  on  insects  that  land  on  the  plants 
(Ruhren  & Handel  1999;  Whitney  2004).  In  some  instances, 
the  benefits  of  associating  with  plants  may  include  opportu- 
nity to  feed  on  insects  ensnared  by  the  plant’s  sticky  glandular 
hairs  (Vasconcellos-Neto  et  al.  2007). 

Little  is  known  about  the  chemical  cues  by  which  spiders 
might  identify  specific  plant  species,  but  spiders  are  known  to 
make  use  of  chemosensory  information  regarding  the  sex, 
maturity,  virgin-mated  status,  and  fighting  ability  of  conspe- 
cific  individuals  (Pollard  et  al.  1987;  Clark  et  al.  1999;  Roberts 
& Uetz  2005).  Chemical  cues  are  also  known  to  be  used  by 
some  spiders  for  detecting  prey  (Blanke  1972;  Persons  & 
Rypstra  2000;  Clark  et  al.  2000a, b;  Jackson  et  al.  2002,  2005) 
and  predators  (Persons  et  al.  2002;  Li  & Lee  2004;  Li  & 
Jackson  2005),  and  for  determining  the  individual  attractive- 
ness of  potential  mates  (Searcy  et  al.  1999;  Roberts  & Uetz 
2005;  Cross  et  al.  2009). 

Two  studies  in  particular  suggest  that  further  research  is 
needed  on  how  spiders  might  make  use  of  plant-derived 
volatile  compounds  when  identifying  particular  plant  species. 
One  of  these  studies  showed  associative  learning  by  ‘ghost 
spiders’  {Hihaiia  futili.s  Banks  1898,  Anyphaenidae)  when 


artificial  odor  was  paired  with  artificial  nectar  (Patt  & 
Pfannenstiel  2008).  The  other  study  showed  that  Evarcha 
ciilicivora,  an  East  African  salticid,  responds  in  olfactometer 
experiments  to  the  odor  of  two  particular  plant  species  on 
which  it  is  commonly  found,  Lantana  canuira  and  Ricinus 
conmninis  (Cross  & Jackson  2009).  That  these  two  plant 
species  might  have  a role  in  the  mating  system  of  E.  cuUcivora 
has  been  suggested  by  other  research  (Cross  et  al.  2008)  in 
which  it  was  shown  that,  when  on  these  plants,  the  courtship 
behavior  of  E.  culicivora  is  more  variable  in  display  se- 
quencing, more  active,  and  more  persistent.  These  effects  are 
not  evident  during  intraspecific  interactions  on  a variety  of 
other  plant  species  (RRJ  unpubl.  data). 

Here  we  focus  on  L.  canuira  in  particular  and  test  17 
additional  East  African  salticids  with  the  odor  of  this  plant 
species.  Our  hypothesis  is  that  an  affinity  for  the  odor  of  L. 
canuira  is  a special  characteristic  of  E.  culicivora.  The  rationale 
for  testing  other  salticids  is  to  consider,  as  an  alternative 
hypothesis,  the  possibility  that  having  an  affinity  for  L. 
canuira  odor  is  a widespread  salticid  characteristic.  Besides 
using  choice-test  olfactometers  with  these  17  salticid  species 
(as  adopted  in  Cross  & Jackson’s  (2009)  study  on  E. 
culicivora),  we  also  use  retention-test  olfactometers  in  exper- 
iments with  these  17  salticids  and  with  E.  culicivora. 
Retention-test  olfactometers  are  used  for  determining  how 
long  a test  spider  will  remain  in  a small  holding  chamber  when 
exposed  to  specific  odors.  This  type  of  testing  has  been  used  in 
earlier  research  with  E.  culicivora  (Cross  et  al.  2009),  but  never 
before  specifically  for  examining  response  to  plant  odor. 

METHODS 

General. — Olfactometer  testing  was  carried  out  using  salt- 
icids from  laboratory  cultures  (F2  and  F3  generation). 
Rearing  methods,  as  well  as  the  basic  procedures  used  in 
olfactometer  experiments,  were  as  in  earlier  research  (Cross  & 
Jackson  2009;  Cross  et  al.  2009)  and  only  essential  details  are 
provided  here. 
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For  rearing  and  maintenance,  each  spider  was  fed  to 
satiation  three  times  a week  on  blood-carrying  female 
mosquitoes  {Anopheles  gambiae  s.s.  from  laboratory  culture) 
and  ‘lake  flies’  {Nilodorum  brevibucca,  Chironomidae;  col- 
lected as  needed  from  field).  Hunger  level  was  standardized  by 
subjecting  each  test  spider  to  a 7-day  pre-trial  fast. 

Two  olfactometer  methods  were  used  (choice  testing  and 
retention  testing),  with  the  odor  source  being  a plant  cutting 
held  in  an  odor  chamber  (glass-cube  box).  Each  cutting  was 
two  Lantana  camara  umbels  (clusters  of  flowers)  with 
accompanying  leaves  and  stems  (no  flowers  senescent)  taken 
from  the  field  immediately  before  setting  up  for  an  experiment; 
median  weight/umbel  (1st  and  3rd  quartiles)  = 364  (329  and 
384)  mg,  (n=10).  Disposable  surgical  gloves  were  worn  while 
collecting  and  handling  plant  material. 

Testing  was  carried  out  between  0800  h and  1400  h 
(laboratory  photoperiod  12L:i2D,  lights  on  at  0700  h). 
Between  trials,  olfactometers  were  dismantled  and  cleaned 
with  80%  ethanol  followed  by  distilled  water  and  then  dried  in 
an  oven.  Airflow  in  the  olfactometers  was  adjusted  to  1500  ml/ 
min  (Matheson  FM-1000  airflow  regulator)  and  there  was  no 
evidence  that  this  setting  had  any  adverse  effects  on  the 
salticid’s  locomotion  or  other  behavior.  The  spiders  used  in 
choice  tests  were  different  from  the  spiders  used  in  retention 
tests,  but  no  test  spiders  had  prior  experience  with  plants.  No 
spider  was  used  in  more  than  one  choice  test  or  more  than  one 
pair  (experimental  one  day,  control  another  day)  of  retention 
tests.  All  test  spiders  were  adults  that  matured  2-3  wk  before 
being  tested  and  none  had  mated.  Both  sexes  of  all  species 
were  used  in  choice  testing,  but  only  males  were  used  in 
retention  testing. 

Choice  testing. — Y-shaped  glass  olfactometers  were  used  for 
choice  testing  (Fig.  la).  The  two  ends  of  the  Y were  the  ‘choice 
arms’,  with  each  choice  arm  being  connected  to  an  odor 
chamber.  Which  of  the  two  odor  chambers  contained  the  plant 
cutting  was  determined  at  random.  Air  was  pumped  separately 
into  the  two  odor  chambers  and  then  through  the  choice  arms 
before  converging  at  the  stem  of  the  Y (‘test  arm’). 

Before  testing  began,  the  test  spider  (n  = 70  per  sex  and 
species)  was  confined  for  2 min  in  a holding  chamber  at  the  far 
end  of  the  test  arm.  While  in  the  holding  chamber,  the  test 
spider’s  access  to  the  test  arm  was  blocked  by  a removable 
metal  grill  that  fit  within  a slit  in  the  chamber  roof.  Testing 
began  by  lifting  the  grill.  When  the  spider  entered  a choice  arm 
and  remained  there  for  30  s,  we  recorded  the  arm  entered  as 
the  test  spider’s  choice.  The  spider  was  allowed  30  min  within 
which  to  make  a choice  and  the  number  of  spiders  that  failed 
to  make  a choice  was,  for  each  species,  always  fewer  than  5% 
of  the  spiders  tested. 

Retention  testing. — During  retention  testing,  air  was  pushed 
successively  through  an  odor  chamber,  a holding  chamber  and 
an  exit  chamber  (Fig.  lb).  The  holding  chamber  was  a glass 
tube  (rubber  stopper  in  one  end,  other  end  open).  The  open 
end  of  the  holding  chamber  fit  securely  in  the  hole  in  the  glass 
cube  that  formed  the  exit  chamber,  flush  with  the  inner  wall  of 
the  exit  chamber.  At  the  other  end  of  the  holding  chamber, 
there  was  a hole  in  the  stopper  with  a glass  tube  going  through 
to  the  odor  chamber,  which  was  identical  in  size  to  the  exit 
chamber  (see  Fig.  lb  for  dimensions).  A nylon-netting  screen 
over  the  stopper  (new  netting  for  each  test)  ensured  that  the 


test  spider  could  not  enter  the  odor  chamber,  the  only  way  out 
of  the  holding  chamber  being  via  the  opening  into  the  exit 
chamber.  The  exit  chamber  was  another  glass  cube  identical  to 
the  odor  chamber. 

The  test  spider  («  = 20  for  each  species)  was  first  kept  in  the 
holding  chamber  for  2 min,  with  the  holding  chamber  not  yet 
connected  to  the  stimulus  and  exit  chambers.  The  end  of  the 
holding  chamber  that  would  go  into  the  exit  chamber  was 
plugged  with  a rubber  stopper.  To  begin  a test,  this  stopper 
was  removed  and  the  holding  chamber  was  positioned 
between  the  stimulus  and  exit  chamber,  but  with  a prerequisite 
being  that  the  test  spider  had  to  be  in  the  half  of  the  holding 
chamber  distal  to  the  exit  chamber.  If  this  prerequisite  was  not 
met  at  the  end  of  the  2-min  pre-test  period,  the  beginning  of 
the  test  was  delayed  until  the  spider  moved  on  its  own  accord 
into  the  distal  half  of  the  chamber  and  remained  there  for 
2 min.  Testing  was  aborted  if  this  criterion  was  still  not  met 
after  waiting  15  min,  but  aborted  tests  were  rare  (<  5%  for 
any  given  species). 

No-odor  control  tests  and  odor  tests  were  randomized. 
Once  testing  began,  we  recorded  retention  time  (i.e.,  the  test 
spider’s  latency  to  leave  the  holding  chamber,  defined  as  the 
time  elapsing  between  the  beginning  of  a test  and  departure  by 
the  spider  into  the  exit  chamber;  maximum  time  allowed, 
60  min).  By  default,  the  spider’s  retention  time  was  recorded  as 
60  min  whenever  the  60-min  test  period  ended  with  the  test 
spider  still  in  the  holding  chamber. 

Data  analysis. — Choice-test  data  were  analyzed  using  tests 
for  goodness  of  fit  (Hq  = 50:50)  and  retention-testing  data 
were  analyzed  using  non-parametric  Wilcoxon  tests  for  paired 
comparisons  (null  hypothesis:  latency  to  leave  holding 
chamber  when  tested  with  odor  source  matched  latency  to 
leave  holding  chamber  when  tested  with  no-odor  control). 
Retention  testing  data  are  shown  based  on  each  test  spiders’ 
calculated  absolute  difference  score  (subtracting  its  latency  to 
leave  holding  chamber  when  tested  with  control  from  latency 
to  leave  holding  chamber  when  tested  with  odor),  resulting  in 
positive  scores  when  the  spider  spent  more  time  in  the  holding 
chamber  when  tested  with  odor,  and  resulting  in  negative 
scores  when  spider  spent  more  time  in  the  holding  chamber 
when  tested  with  no  odor. 

Voucher  specimens  of  all  species  have  been  deposited  in  the 
Florida  State  Collection  of  Arthropods,  Gainesville,  Florida, 
USA. 

RESULTS 

Choice-test  data  from  males  and  females  of  each  species  did 
not  differ  in  any  case,  so  these  data  were  pooled  for 
simplification.  In  the  earlier  study  (Cross  & Jackson  2009), 
Evarcha  culicivora  chose  Lantana  camara  odor  significantly 
more  often  than  the  no-odor  control  in  choice-test  olfactom- 
eters (Fig.  2)  and,  in  the  present  study,  E.  culicivora  had  a 
significantly  longer  latency  to  leave  the  holding  chamber  when 
in  the  presence  of  L.  camara  odor  than  when  in  the  presence  of 
a no-odor  control.  However,  for  the  other  17  salticid  species, 
the  number  of  individuals  that  chose  L.  camara  odor  was  not 
significantly  different  from  the  number  that  chose  the  no-odor 
control  in  the  choice-test  olfactometers.  In  the  retention-test 
olfactometers  the  retention  time  in  the  presence  of  L.  camara 
odor  was  also  not  significantly  different,  for  these  17  species. 
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a.  Air  pumped  in 


Airflow  regulator  Odor  chamber  Holding  chamber  Exit  chamber 


Figure  1. — Olfactometers  used  for:  a.  choice  testing  (view  of  odor  source  obstructed  by  opaque  barrier)  and  b.  retention  testing  (view  of  odor 
source  obstructed  by  black  paper  taped  to  outside  of  odor  chamber  wall  that  faced  holding  chamber).  Dashed  arrows  indicate  direction  of 
airflow.  Not  drawn  to  scale. 


from  retention  time  in  the  presence  of  the  no-odor  control 
(Table  1,  Fig.  3;  note  non-significant  trend  for  Natia  nifopicta 
to  display  greater  retention  in  the  control  tests).  In  concor- 
dance with  results  from  olfactometer  choice  tests,  L.  caniara 
odor  did  induce  a significant  retention  in  E.  culicivora 
(Table  1). 


DISCUSSION 

The  earlier  study  (Cross  & Jackson  2009)  demonstrated  that 
the  odor  of  Lcmtana  camara  is  salient  to  Evarcha  culicivora, 
but  left  unresolved  the  question  of  whether  responsiveness  to 
L.  camara  odor  by  E.  culicivora  is  an  unusual  characteristic  of 
this  particular  salticid  species  or,  alternatively,  a characteristic 
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Figure  2. — Pooled  results  from  olfactometer  choice-tests.  Evarcha  culicivora  chose  odor  arm  significantly  more  often  control  arm  (data  from 
Cross  and  Jackson  2009).  For  all  other  salticid  species,  number  of  individuals  that  chose  odor  not  significantly  different  from  number  that  chose 
control.  Dashed  line  denotes  50%.  n = 140.  / = test  of  goodness  of  fit.  ***  P < 0.0001. 


that  is  widespread  in  the  Salticidae.  Here  we  investigated 
another  17  salticid  species,  all  from  different  genera,  from  East 
Afiica.  For  each  of  these  species,  when  we  used  the  same  odor- 
based  choice-testing  methods  and  achieved  the  same  sample 
sizes  as  in  the  earlier  experiments  with  E.  culicivora,  the 
number  of  individuals  that  chose  L.  camara  odor  was  not 
significantly  different  from  the  number  that  chose  the  no-odor 
control.  Using  the  retention-testing  olfactometers,  we  again 
found  evidence  that  the  odor  of  L.  camara  is  salient  to  E. 
culicivora  and,  for  retention  tests,  as  for  choice  tests,  the 

Table  1. — Test  results  for  Wilcoxon-tests  comparing  latency  to 
leave  holding  chamber  in  control  or  experimental  tests.  The  difference 
in  time  beween  these  is  depicted  in  Fig.  3.  All  spiders  sourced  in 
Kenya  except  Parajotus  cinereus  (from  Uganda). 


Test  spider  species 

W 

P 

Evarcha  culicivora  Wesolowska  & 

Jackson  2003 

176.0 

0.0004 

Asemonea  murphyae  Wanless  1980 

-26.0 

0.6! 

Cyrba  ocellata  (Kroneberg  1875) 

70.0 

0.16 

Goleba  puella  (Simon  1885) 

-31.0 

0.58 

Harmochirus  brachiatus  (Thorell  1877) 

65.0 

0.20 

Hasarius  adansoni  (Savigny  et  Audouin 
1825) 

3.0 

0.97 

Heliophanus  sp. 

51.0 

0.24 

Holcolaetis  vellerea  (Simon  1909) 

-21.0 

0.69 

Hyllus  sp. 

50.0 

0.29 

Menemerm  congoensis  Lessert  1925 

28.0 

0.56 

Myrmarachne  mekmotarsa  Wesolowska 
& Salm  2002 

73.0 

0.15 

Natta  rufopicta  (Simon  1909) 

82.0 

0.08 

Pachyballus  cordiformis  Berland  et  Millot 
1941 

13.0 

0.78 

Parajotus  cinereus  Wesolowska  2004 

19.0 

0.70 

Phintella  sp. 

-1.0 

1.00 

Plexippus  sp. 

60.0 

0.27 

Portia  africana  (Simon  1885) 

9.0 

0.85 

Pseudicius  sp. 

40.0 

0.43 

response  to  L.  camara  odor  by  each  species  other  than  E. 
culicivora  was  not  significantly  different  from  response  to  no- 
odor controls. 

As  there  are  more  than  5,000  described  species  in  the  family 
Salticidae  (Platnick  2010),  our  findings  should  not  be 
construed  as  proving  that  E.  culicivora  is  absolutely  unique, 
but  it  seems  unlikely  that  responsiveness  to  L.  camara  odor  is 
widespread  within  the  Salticidae. 

The  precise  role  of  L.  camara  in  the  biology  of  E.  culicivora 
is  poorly  understood.  Earlier  research  (Cross  et  ai.  2008) 
suggested  that  we  need  a better  understanding  of  the  role 
plants  might  play  in  the  mating  strategy  of  E.  culicivora,  but 
plants  may  also  have  a role  in  its  feeding  strategy.  As  E. 
culicivora  is  known  to  feed  on  nectar  (RRJ  unpubl.  data),  one 
hypothesis  that  should  be  considered  is  that  responding  to  L. 
camara  odor  is  related  to  visiting  this  plant  species  for  nectar 
meals.  This  would  make  E.  culicivora  comparable  to  Helico- 
nius  melpomene,  a butterfly  that,  by  responding  to  the  odor  of 
L.  camara,  locates  and  feeds  on  the  nectar  of  this  plant 
(Andersson  et  al.  2002;  Andersson  & Dobson  2003).  However, 
there  is  a complication  with  any  hypothesis  concerning  E. 
culicivora  having  evolved  mechanisms  of  exploiting  specifically 
L.  camara.  This  plant  species  is  native  to  the  Americas  and  is 
an  introduced  weed  in  many  parts  of  the  world,  including  East 
Africa  (Day  et  al.  2003).  We  need  a better  understanding  of 
how  E.  culicivora  responds  to  a wider  range  of  plant  species, 
including  native  species  with  which  it  has  shared  a longer 
evolutionary  history,  in  addition  to  the  primary  volatile 
components  of  various  plants,  before  we  can  tease  apart  the 
basis  of  this  affinity.  This  large  topic  is  the  subject  of  ongoing 
research. 

Evarcha  culicivora  has  an  unusual  predatory  strategy,  as  its 
preferred  prey  are  blood-carrying  mosquitoes  (Jackson  et  ai. 
2005).  An  alternative  hypothesis  is  that  this  mosquito- 
specialist  spider  locates  its  prey  by  visiting  L.  camara  or  other 
plants.  Only  female  mosquitoes  feed  on  blood  (Clements 
1999).  Male  mosquitoes  feed  primarily  on  nectar,  but  E. 
culicivora  is  proficient  at  discriminating  between  males  and 
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Figure  3. — Boxplots  (median  and  quartiles)  with  whiskers  (min  and  max)  for  retention  testing  for  all  species.  Score  calculated  by  subtracting 
latency  to  leave  holding  chamber  when  tested  with  control  from  latency  to  leave  holding  chamber  when  tested  with  odor  (positive  score;  spider 
spent  more  time  in  the  holding  chamber  when  tested  with  odor;  negative  score:  spider  spent  more  time  in  the  holding  chamber  when  tested  with 
control).  « = 20. 


females,  has  an  active  preference  for  female  mosquitoes  as 
prey  and  chooses  Anopheles  in  preference  to  other  mosquitoes 
(Nelson  & Jackson  2006).  However,  it  is  now  well  established 
that  visiting  plants  for  nectar  meals  is  important  not  only  for 
the  male  but  also  for  the  female  of  a variety  of  mosquito 
species,  including  Anopheles  species  (McCrae  et  al.  1969,  1976; 
Gujral  & Vasudevan  1983;  Clements  1999;  Foster  & Takken 
2004;  Impoinvil  et  al.  2004;  Manda  et  al.  2()07a,b).  However,  it 
is  unlikely  that  encounters  between  E.  culicivora  and  female 
mosquitoes,  including  Anopheles,  often  happen  on  L.  camara 
or  other  plants,  as  E.  culicivora,  like  most  salticids  (Richman 
& Jackson  1992),  appears  to  be  active  as  a predator  during 
daylight  hours  (RRJ  unpubl.  data)  while  its  prey,  the  female 
mosquito,  probably  feeds  from  plants  primarily  at  night.  This 
problem  notwithstanding,  E.  culicivora  might  find  mosquitoes 
during  the  daytime  resting  post-feeding  in  the  vicinity  of  the 
plants  to  which  the  spider  and  the  mosquito  have  been 
attracted,  albeit  at  different  limes. 
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Eresiis  kollari  (Araneae:  Eresidae)  calls  for  heathland  management 
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Abstract.  Northwest  Europe’s  largest  heather-dominated  sandy  habitats  are  located  in  the  nature  reserve  Liineburger 
Heide,  Germany.  Yet,  even  these  appear  to  be  losing  their  ability  to  support  some  of  their  stenotopic  species  such  as  the 
ladybird  spider,  Eresiis  kollari  Rossi  1846,  and  are  thus  becoming  increasingly  important  for  the  preservation  of  these 
species.  The  habitat  requirements  of  this  endangered  spider  species  were  investigated  in  order  to  obtain  data  that  will  help 
stabilize  the  last  remnants  of  the  species’  population  in  northwest  Germany.  Several  heathland  habitats  were  surveyed  by 
pitfall  trapping  during  the  mate-search  period  of  the  males.  Two  statistical  methods  were  applied;  logistic  regression  and 
boosted  regression  trees  (BRT).  Both  methods  showed  that  three  habitat  variables  are  of  prime  relevance  in  predicting  the 
occurrence  oi'  E.  kollari'.  a)  thickness  of  the  organic  layer  (a  negative  effect),  b)  soil  temperature  at  a depth  of  10  cm,  and  c) 

Callima  cover  in  the  herb  layer  (both  have  positive  effect).  Our  results  show  that  choppering  (removing  above-ground 
biomass  and  most  of  O-layer)  and  burning  are  likely  appropriate  heathland  management  measures  for  the  conservation  of 
E.  kollari.  Such  measures  improve  the  species’  habitat  quality  by  creating  a heterogenic  (small-scaled)  heathland  structure 
with  suitable  microhabitats.  As  Calhma  heathlands  show  a clear  senescence  of  the  dominant  heather,  it  is  essential  that 
those  habitat  patches  be  conserved.  Further  measures,  such  as  transfer  experiments,  are  recommended. 

Keywords:  Conservation  management,  habitat  modeling,  action  plan,  choppering,  burning 


The  decline  of  European  heathland,  semi-natural  habitats 
dominated  by  the  heather  species  Calluna  vulgaris,  over  the 
last  two  centuries  due  to  changes  in  agricultural  use  and 
forestation  (Webb  1998)  has  resulted  in  serious  threats  for  the 
given  habitat  types,  especially  due  to  fragmentation  and 
reduced  habitat  quality,  Heathlands  have  thus  been  designated 
one  of  the  most  endangered  habitat  types  on  a European  and 
regional  scale  (The  Council  of  the  European  Communities 
2004;  Webb  1998;  Keienburg  et  al.  2004). 

Sandy  heathlands  do  not  provide  a homogeneous  habitat  in 
time  and  space,  because  they  are  largely  influenced  by  the 
developmental  cycle  of  the  dominant  plant  species  Calluna 
vulgaris  (Gimingham  1972).  The  largest  remnants  of  heather- 
dominated  sandy  habitats  in  northwest  Europe  have  been 
preserved  in  the  Liineburger  Heide  and  are  now  part  of  a large 
nature  reserve.  Between  1850  and  1960,  the  proportion  of 
heathland  declined  from  11%  to  21%  and  today  represents  less 
than  5%  of  the  nature  reserve  (Volksen  1993;  Assmann  1999; 
Keienburg  & Priiter  2004).  These  heathland  remnants  have 
enabled  the  survival  of  a stenotopic  invertebrate  fauna. 
However,  a striking  decrease  in  the  numbers  of  certain 
stenotopic  arthropod  species  has  been  observed,  whereas 
other  stenotopic  heathland  species  still  seem  to  be  widespread 
(Desender  et  al.  1994;  Assmann  et  al.  2003;  Maes  & Van  Dyck 
2005)  or  relatively  stable  (Gajdos  & Toft  2000). 

Effective  conservation  of  the  heathland-specific  arthropod 
species  that  are  declining  in  the  Liineburger  Heide  can  only  be 
successful  if  their  habitat  requirements  are  understood  and 
appropriate  heathland  management  measures  are  implement- 
ed (Assmann  & Janssen  1999).  This  requires  detailed 
knowledge  of  the  specific  microhabitat  in  which  they  occur. 


Assessment  of  distribution  modeling  is  an  important  ap- 
proach to  obtain  scientific  evidence  regarding  the  habitat 
preferences  of  selected  species.  Several  recent  studies  have 
demonstrated  the  use  of  such  models  to  obtain  predictors  for  the 
occurrence  of  endangered  arthropod  species,  including  potential 
conservation  activities  (Binzenhofer  et  al.  2005,  2008;  Buse  et  al. 
2007;  Hein  et  al.  2007;  Matern  et  al.  2007;  Heisswolf  et  al.  2009). 

Here,  we  report  the  habitat  requirements  of  the  ladybird 
spider  E.  kollari  Rossi  1846  as  an  example  of  a stenotopic 
heathland  species  declining  in  number.  The  males’  conspicu- 
ousness has  made  this  spider  a well-known  species,  not  only 
among  zoologists.  Although  its  taxonomy  and  systematics 
have  only  recently  been  clarified  by  Rezac  et  al.  (2008),  the 
decrease  in  numbers  of  E.  kollari  is  well  documented 
(Johannesen  & Veith  2001 ).  It  is  placed  on  red  lists  throughout 
Germany  (Platen  et  al.  1996;  Finch  2004). 

Eresus  kollari  and  its  sibling  species  E.  sandaliatus  are  both 
well  known  across  northern  Europe.  A large-scale  govern- 
mental conservation  project  in  England  involving  a compre- 
hensive action  plan  for  E.  sandaliatus  over  nearly  two  decades 
has  proved  successful  (Hughes  et  al.  2009). 

The  aim  of  our  research  was  to  1)  determine  the  specific 
habitat  requirements  of  E.  kollari  and  2)  suggest  specific 
habitat  management  measures  aimed  at  conserving  the  last 
populations  of  the  ladybird  spider  in  northwest  Germany.  Bell 
et  al.  (2001 ) states  that  management  based  on  only  one  species 
is  exceptionally  justifiable,  and  he  mentions  E.  cinnaherinus 
(Olivier  1789;  a former  partial  synonym  of  E.  kollari)  as  such 
an  exception  in  this  sense.  All  in  all,  our  study  aims  to  preserve 
the  last  remaining  populations  of  the  ladybird  spider  in 
northwest  Germany. 
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Figure  1. — The  study  area  in  the  nature  reserve  Liineburger  Heide,  northwest  Germany.  In  the  foreground:  heather  with  small  open  patches 
and  a pitfall  trap  (marked  by  a flag). 


METHODS 

Study  species. — Eresus  kollari  belongs  to  the  cribellate 
spider  family  Eresidae  (Platnick  2011).  Male  and  female 
spiders  of  this  species  spend  most  of  their  lives  underground  in 
their  well-camouflaged  tube  webs.  The  adults  live  in  a burrow 
of  about  1 cm  diameter  and  a maximum  depth  of  10  cm.  The 
spider  weaves  parts  of  leaves  from  the  surrounding  plants  into 
the  burrow’s  roof  directly  above  the  ground,  making  the  web 
almost  invisible  throughout  most  of  the  year.  It  can  only  be 
found  during  2 wk  in  May  when  the  females  strengthen  the 
threads  of  the  webs  to  catch  prey  for  their  offspring  (Baumann 
1997). 

Males  mature  at  the  age  of  2.5  yr,  whereas  females  mature 
at  3^  yr  (Baumann  1997).  Only  males  leave  the  burrow  to 
mate  at  the  end  of  their  lives  for  a period  of  ~ 2 wk  between 
August  and  October.  In  their  nuptial  dress,  they  search  for 
females  within  a diameter  of  ~ 10-12  m.  Males  and  females 
share  precisely  the  same  habitat,  and  both  show  a very  low 
dispersal  potential  (Baumann  1997). 

Study  area. — The  study  area  (Fig.  1)  is  situated  in  the 
nature  reserve  Liineburger  Heide  about  6 km  east  of 
Schneverdingen  (53°7'43N,  09°52'45E).  The  nature  reserve 
includes  the  most  extensive  heathlands  of  northwest  Germany, 
covering  an  area  of  ~ 5,000  ha.  Niemeyer  et  al.  (2007) 
characterize  the  climate  of  the  nature  reserve  as  a humid 
suboceanic  type  with  a mean  annual  precipitation  of  81 1 mm 
and  a mean  annual  temperature  of  8.4°  C.  They  describe  the 
soil  as  Pleistocene  sandy  deposits  and  nutrient-poor  podzols 
or  podzolic  soils,  pH  range  3. 2-3. 6.  Old,  high  heather  shrubs 
covered  the  whole  study  site  at  least  from  the  1960s  to  the 


1980s  (Liitkepohl  1993).  Since  2002,  the  last  year  in  which  the 
heather  was  mown,  management  practices  have  halted 
(Mertens  pers.  comm.). 

Our  study  was  carried  out  in  2007.  The  study  area  was 
subdivided  into  three  parts  in  which  we  placed  100  pitfall 
traps.  Part  A (100  by  130  m,  60  traps)  appeared  fairly 
homogenous  and  consisted  mainly  of  young,  low  heather 
plants  with  open  patches,  lichens,  and  moss.  Part  B (140  by 
200  m,  30  traps),  directly  adjoining  Part  A,  consisted  of  older 
heather,  mainly  50-100  cm  height,  and  interspersed  with  birch 
trees.  Part  C (10  traps,  5 in  the  forest  and  5 in  the  grassland 
area),  400  m distant  from  part  B,  was  an  area  of  coniferous 
forest  and  forest  edge  with  high  grass  scattered  with  young 
trees.  All  pitfalls  were  placed  in  rows,  each  holding  10  traps. 

Sampling  and  predictor  variables. — We  applied  a stratified 
random  sampling  approach  to  sample  species  occurrence  and 
environmental  data  (cf  Hirzel  & Guisan  2002).  Direct 
observation  of  individuals  or  webs  would  be  the  best  method 
to  record  species  occurrence  in  the  field.  However,  as  the  webs 
are  difficult  to  find,  we  used  pitfall  trapping  instead. 

As  female  and  male  spiders  share  exactly  the  same  habitat 
and  stay  in  their  webs  during  their  whole  life  spans,  our  data 
can  be  applied  to  both  sexes,  although  our  information  is  only 
based  on  capture  of  males.  They  only  leave  their  burrows  at 
the  end  of  their  lives  to  search  for  females  in  close  vicinity  of 
their  burrows  (Bellmann  1997;  Baumann  1997). 

From  14  August  2007  to  16  October  2007,  during  the  mate- 
searching period  of  the  males,  we  used  100  pitfall  traps. 
Plastic,  10  cm  diam.  cups  were  used,  covered  with  a piece  of 
netting  wire  to  prevent  larger  animals  from  falling  in.  The 
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traps  were  filled  with  a mixture  of  50%  ethanol,  20%  glycerine, 
and  30%  water  (modified  after  Renner  1982)  as  a preservative. 
The  traps  were  emptied  fortnightly.  Nineteen  environmental 
variables  were  recorded  from  each  trap  location.  Habitat 
structure  strongly  influences  the  occurrence  of  spider  species 
(cf.  Schwab  et  al.  2002;  Ziesche  & Roth,  2008),  so  we  thus 
selected  and  analyzed  the  variables  that  describe  the  habitat  in 
terms  of  temperature,  moisture,  and  structure.  The  vegetation 
cover  of  the  dominant  vascular  plant  species  in  different 
vegetation  layers  was  estimated  within  a diameter  of  1 m 
around  each  trap. 

We  analyzed  vegetation  cover  in  3 different  layers  a)  0- 
10  cm,  b)  10-50  cm,  c)  > 50  cm,  estimating  the  percentage 
cover  of  the  main  vegetation  components  like  Calluna  vulgaris 
and/or  Erica  tetralix  as  well  as  grasses,  lichens,  bare  soil,  moss, 
and  trees.  Additionally,  we  measured  the  thickness  of  the 
organic  layer  (cm).  We  also  collected  the  data  of  the 
temperature  of  the  top  soil  and  the  soil  at  10  cm  depth 
(°  C).  Insolation  (Lux)  and  temperature  (°  C)  data  were  taken 
separately  on  5 September,  a sunny  day,  over  midday  by 
means  of  a photometer  and  a digital  thermometer  with  a 10- 
cm-long  metal  rod.  We  took  a spadeful  of  soil  sample  of  every 
trap  to  measure  the  pH-value  (pHh2o)>  organic  matter  content 
(%),  and  water  content  (%)  of  the  A-horizon. 

Statistical  analysis. — To  estimate  the  occurrence  probabil- 
ities of  E.  kollari  depending  on  environmental  predictor 
variables,  we  used  two  different  approaches:  logistic  regression 
as  a standard  parametric  approach  and  boosted  regression 
trees  (BRT),  a promising,  non-parametric  ensemble  forecast- 
ing technique  (cf.  Elith  et  al.  2008).  To  achieve  the  best 
balanced  predictive  model,  we  used  Pfair  as  the  appropriate 
classification  threshold  (according  to  Schroder  & Richter 
1999).  The  threshold  Pfair  ensures  that  sensitivity  (=  percent- 
age of  correctly  predicted  presences)  and  specificity 
(=  percentage  of  correctly  predicted  absences)  of  the  model 
have  the  same  magnitude. 

For  our  logistic  regression  analysis,  we  first  performed 
univariate  logistic  regressions  for  each  of  the  predictor 
variables,  following  the  approach  of  Hosmer  & Lemeshow 
(2000).  Only  predictors  with  P < 0.25  in  the  univariate  logistic 
regression  were  considered  as  potential  candidates  for  multiple 
regression  analysis.  Significance  in  the  logistic  regression 
model  was  assessed  using  the  likelihood  ratio  test.  To  assess 
correlation  between  predictors,  we  analyzed  their  bivariate 
correlation  structure.  None  of  the  potential  candidates  showed 
a bivariate  correlation  stronger  than  r,  = 0.553  (Spearman 
rank-correlation  test).  Within  the  multiple  regression  model, 
we  also  tested  the  significance  of  two-way  interaction  terms 
and  quadratic  terms  for  each  of  the  previously  selected 
predictors.  None  of  the  interaction  terms  and  only  one  of 
the  quadratic  terms  (moss  layer  in  herbage  cover)  was 
significant  {P  < 0.05),  but  this  is  not  considered  in  the  final 
model.  From  the  resulting  set  of  predictors,  we  deleted  those 
with  a significance  level  of  P > 0.1  from  this  model.  In  a 
further  step,  backwards  stepwise  selection  (‘fastbw’:  Harrell 
2001)  was  used  to  prove  the  importance  of  the  predictors  left 
in  the  final  model.  This  method  uses  the  fitted  complete  model 
and  computes  approximate  Wald  statistics  by  computing 
conditional  (restricted)  maximum  likelihood  estimates,  assum- 
ing multivariate  normality  of  estimates. 


Nagelkerke’s  was  used  for  evaluating  model  calibration. 
To  assess  model  discrimination  and  performance,  we  used  the 
program  ROC_AUC  provided  by  Schroder  (2006)  to  calculate 
the  AUC  (area  under  a receiver  operating  characteristic  curve: 
Swets  1988)  and  some  threshold-dependent  criteria  such  as  the 
correct  classification  rate  and  Cohen’s  kappa.  To  quantify  the 
total  independent  contribution  of  the  single  predictors 
considered  in  the  logistic  regression,  we  ran  a hierarchical 
partitioning  procedure  (MacNally  2000;  Heikkinen  et  al.  2005; 
Muller  et  al.  2009;  Schroder  et  al.  2009). 

Habitat  models  run  the  risk  of  being  overfitted  to  the 
training  data  (Harrell  2001;  Steyerberg  et  al.  2001;  von  dem 
Bussche  et  al.  2008).  As  independent  data  were  not  available 
to  correct  for  this  optimism,  we  used  bootstrapping  with  100 
replicates  to  correct  the  measures  of  model  performance  (e.g., 
Peppler-Lisbach  & Schroder  2004;  Oppel  et  al.  2004).  This 
method  allows  almost  unbiased  estimates  of  model  perfor- 
mance and  was  found  to  provide  the  best  estimate  of  internal 
validity  of  predictive  logistic  regression  models  (Reineking  and 
Schroder  2003;  Schroder  2008). 

To  compare  these  results  with  a more  flexible  non- 
parametric  approach,  we  also  built  boosted  regression  trees 
(BRT,  see  Elith  et  al.  2008  for  details).  This  approach 
combines  the  boosting  algorithm  (Schapire  & Singer  1999) 
with  classification  and  regression  trees  (De’ath  & Fabricius 
2000),  leading  to  a set  of  several  hundreds  or  thousands  of 
trees  in  the  final  model  (De’ath  2007).  It  has  the  advantage 
that  it  allows  for  an  implicit  modeling  of  thresholds  as  well  as 
interactions  between  predictors.  BRTs  were  estimated  with  a 
tree  complexity  of  5 and  a learning  rate  of  0.001.  Variable 
selection  was  performed  in  a forward  stepwise  manner,  so  that 
only  important  predictors  are  considered  in  the  final  model. 
The  approach  makes  it  possible  to  calculate  the  contributions 
of  all  predictors  in  explaining  the  variability  of  the  response 
variable.  Model  performance  in  terms  of  AUC  and  Nage- 
kerke’s  i?-\/  was  evaluated  based  on  tenfold  cross-validation. 
For  both  methods,  residuals  were  checked  for  spatial 
autocorrelation  by  calculating  global  Moran’s  I (Dormann 
et  al.  2007)  and  spline  correlograms  (Bjornstad  & Falck  2001; 
Schroder  2008). 

We  carried  out  the  statistical  analyses  with  R 2.7.1  (R 
Development  Core  Team  2008).  Hierarchical  partitioning  was 
conducted  using  the  ‘hier.part’-library  (version  1.0,  MacNally 
& Walsh  2004),  and  the  ‘Hmisc’  (version  3.0-12)  and  ‘Design’ 
library  (version  2.0-12)  (Harrell  2001)  were  used  for  the 
logistic  regression  procedure.  The  library  ‘gbm’  (provided  by 
G.  Ridgeway,  supported  by  some  functions  provided  by  J. 
Elith  and  J.  Leathwick)  was  used  for  boosted  regression  tree 
modeling.  Response  curves  of  logistic  regressions  were  plotted 
using  the  program  LR-mesh  provided  by  Rudner  (2004). 
Spatial  autocorrelation  was  checked  by  applying  the  library 
‘spdep’  (Bivand  2006). 

RESULTS 

In  total,  95  E.  kollari  specimens,  all  of  which  were  males, 
were  found  in  48  of  the  100  pitfalls.  In  26  traps,  we  found  only 
one  individual  of  the  studied  species,  with  a maximum  of  six 
found  in  two  of  the  traps.  In  part  A of  the  study  site,  spiders 
fell  into  41  of  60  traps.  We  observed  positive  spatial 
autocorrelation  in  the  raw  presence-absence  data  within  a 
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Table  1. — Parameter  estimates  of  the  multiple  logistic  regression  model  explaining  the  occurrence  off.  kullari  (residual  deviance  = 104.90  on 
96  degrees  of  freedom,  null  deviance  = 138.47  on  99  degrees  of  freedom).  Significance  values  for  each  coefficient  were  obtained  from  Wald  tests. 
Although  not  significant  at  a = 0.05,  was  left  in  the  model  because  of  its  contribution  to  the  model  evaluated  with  Wald  statistics  in  the 
stepwise  backwards  selection  of  variables. 


Variable 

Regression  coefficient 

SE 

Wald  Z 

P 

)?i  Soil  temperature  at  10  cm  depth 

0.591 

0.226 

2.61 

0.009 

fi2  Thickness  of  organic  layer 

-0.360 

0.159 

-2.27 

0.023 

^3  Calhmal Erica  cover  in  herb  layer 

0.015 

0.009 

1.71 

0.087 

)?o  Intercept 

-8.420 

3.556 

-2.31 

0.018 

50  m distance  from  each  trap  (partial  Moran’s  I statistic 
standard  deviate  = 9.119,  P < 0.001). 

Habitat  variables  related  to  species  presence. — The  final 
logistic  regression  model  considers  three  predictors  with  a 
strong  effect  on  occurrence  probability  (Table  1).  Thickness 
of  organic  layer’  = 0.28  in  a univariate  regression,  P < 
0.001)  had  a negative  effect  on  the  occurrence  probability  of  E. 
kollari.  In  contrast,  ‘soil  temperature  at  10  cm  depth’  = 
0.22,  P < 0.001),  and  ‘Calhma  cover  in  herb  layer’  (P'yv  = 
0.15,  P < 0.01)  both  had  a positive  effect  (Fig.  2).  At  our 
study  site,  these  variables  covered  a large  gradient,  range  of 
12.4-17.3°  C in  soil  temperature  and  range  of  0-12  cm  in  the 
thickness  of  the  organic  layer,  whereas  the  height  of  Calhma 
reached  8-50  cm  and  its  soil  coverage  was  3-100%. 
Occurrence  probabilities  of  50%  are  explained  by  a minimum 
soil  temperature  of  15°  C and  a maximum  organic  layer  of 
3 cm  (Figs.  2,  3). 

The  final  logistic  regression  model  explained  a considerable 
proportion  of  the  overall  variance  in  our  dataset  (R~ n = 0.38). 
A first  model  containing  predictors  that  were  associated  with 


the  outcome  of  the  final  model  (P  < 0.25,  according  to 
Hosmer  & Lemeshow  2000)  explained  slightly  more  variance 
in  our  dataset  (P’^r  = 0.44),  but  some  predictors  were  removed 
(‘heather  in  herb  layer,’  the  cover  of ‘herbage  in  moss  and  herb 
layer,’  ‘soil  temperature  on  surface,’  ‘intensity  of  light  on 
surface’)  in  the  stepwise  model  selection  process  for  the  final 
model. 

In  order  to  quantify  the  independent  contribution  of  the 
predictor  variables  considered  in  both  the  logistic  regression 
and  the  BRT  model,  we  conducted  a hierarchical  partitioning 
analysis.  The  results  for  the  logistic  regression  model  show  the 
relatively  high  influence  of  the  organic  layer  (44.0%).  The 
independent  effect  of  soil  temperature  at  10  cm  depth  was  also 
quite  high  (35.5%),  whereas  the  cover  of  heather  in  the  herb 
layer  had  an  independent  effect  of  20.5%. 

Soil  temperature  at  10  cm  depth  (27.6%)  and  thickness  of 
the  organic  layer  (22.6%)  best  explained  the  variability  of  the 
response  variable  in  the  BRT  model.  Other  variables  such  as 
soil  water  content,  insolation,  heather  cover  in  the  herb  layer, 
and  proportion  of  organic  matter  in  the  soil  contributed 


Figure  2. — Bivariate  response  surface  of  the  two  most  important  predictors  in  the  final  logistic  regression  model  (see  Table).  The  estimated 
occurrence  probability  (P)  of  E.  kollari  is  plotted  against  the  two  continuous  predictors. 


388 


THE  JOURNAL  OF  ARACHNOLOGY 


Calluna/Erica  cover  in  herb  layer  [%] 
(13.3%) 


Insolation  on  soil  surface  [klux] 
(12.4%) 


Water  content  in  soil  sample  [%] 
(10.3%) 


Figure  3. — Univariate  response  curves  of  the  six  most  influential  variables  derived  from  the  BRT  model:  Soil  temperature  at  10  cm  depth; 
thickness  of  organic  layer;  proportion  of  organic  matter  in  A-horizon;  Callwial Erica  cover  in  herb  layer;  insolation  on  soil  surface;  water  content 
in  soil  sample.  The  relative  influence  of  each  variable  in  the  model  is  given  in  parentheses. 


between  10.3  and  13.7%  to  the  variability  in  the  response 
variable  (Fig.  3). 

Model  performance  and  validation. — The  logistic  regression 
model  showed  a relatively  good  discriminative  power  with  an 
AUC-value  of  0.80  (C/95%:  0.72-0.89).  Using  in  the 
model,  we  reached  a correct  classification  rate  of  75%.  The 
evaluation  of  Cohen’s  kappa  indicates  good  predictive  power 
for  our  final  model.  Internal  validation  by  bootstrapping 
revealed  only  slight  overfitting  of  the  final  model.  Corrected 
values  were  R~  = 0.34  and  AUC-value  = 0.78,  which 
indicates  acceptable  discriminative  performance.  This  shows 
that  our  model  is  robust  within  the  study  site. 

Accordingly,  the  BRT  model  reached  an  AUC  = 0.80  and 
R"/v  = 0.253  after  tenfold  cross-validation  and  an  apparent 
model  performance  of  AUC  = 0.91  (C/95%:  0.85-0.96)  and 
/?'/v'  = 0.53,  CCR  = 0.81  and  kappa  = 0.62.  Neither  the 
logistic  regression  (Moran’s  I statistic  standard  deviate  = 
0.068,  P = 0.473)  nor  the  BRT  approach  (Moran’s  I statistic 
standard  deviate  = 0.929,  P = 0.176)  showed  any  residual 
spatial  autocorrelation. 

DISCUSSION 

Our  study  describes  the  ecological  demands  of  this  spider 
species  in  the  last  remaining  heathland  areas  in  Germany.  Our 
logistic  regression  model  indicates  that  the  occurrence  of  E. 


kollari  in  the  large  heathland  complex  of  northwest  Germany 
is  influenced  primarily  by  the  three  habitat  variables.  Here  we 
discuss  the  effect  of  each  variable. 

1 ) There  was  a negative  effect  of  the  thickness  of  the  organic 
layer.  The  layer  functions  as  an  obstacle  to  the  male’s 
locomotory  behavior  in  the  sense  of  spatial  resistance  (Duffey 
1962).  This  means  that  the  management  measures  should 
strive  to  maintain  a rather  thin  organic  layer  of  maximum  3 to 
4 cm.  This  is  of  great  importance  not  only  for  males,  since 
both  sexes  have  to  penetrate  the  organic  layer  in  order  to  dig 
their  burrows  (Baumann  1997). 

2)  The  models  showed  a positive  effect  of  temperature  at 
10  cm  depth,  but  not  at  the  surface.  This  is  likely  due  to  the 
fact  that  the  males,  like  the  females,  spend  nearly  all  their  lives 
in  burrows  dug  in  soil.  This  variable  may  affect  the  occurrence 
of  females  rather  than  males,  since  females  prefer  higher 
temperature  places  for  quick  development  of  brood  (cf.  Klein 
et  al.  2005). 

The  soil  surface  temperature  fluctuated  from  trap  to  trap. 
This  variable  was  excluded  by  the  automatic  model  selection 
procedure  for  the  logistic  regression  model,  but  had  an 
explanatory  power  of  12.4%  in  the  boosted  regression  trees 
(Fig.  3).  Hence,  the  occurrence  of  the  males  during  the  vagrant 
period  (Baumann  1997)  is  less  influenced  by  the  surface 
temperature  than  by  the  soil  temperature  deeper  in  the  ground. 
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3)  Both  models  demonstrated  that  ‘Calhma  cover  in  the  herb 
layer’  also  has  a fairly  strong  influence  (with  13.3%  in  the 
BRT-model)  on  the  occurrence  of  the  species.  However,  our 
models  cannot  distinguish  between  the  influence  of  Calluna 
cover  in  the  herb  layer  and  the  importance  of  the  moss  layer. 
Other  authors  have  pointed  out  that  Eresus  prefers  wind- 
protected  sites  (Wiehle  1953;  Bellmann  1997;  Baumann  1997). 
This  may  explain  why  E.  kollari  prefers  sites  in  which  heather 
is  higher  than  10  cm  but  lower  than  50  cm,  since  this 
vegetation  height  allows  enough  wind-shelter,  but  also 
provides  sufficient  insolation  to  reach  the  required  tempera- 
ture at  a depth  of  10  cm.  Hence,  E.  koliari  can  be  considered  as 
a stenotopic  thermophilic  species  of  dry  heathlands. 

Our  statistical  models  revealed  habitat  variables  that  can  be 
used  to  predict  the  occurrence  of  E.  kollari  with  a correct 
classification  rate  ranging  from  75  up  to  83%  and  with 
considerable  discriminative  power.  Since  we  built  a predictive 
distribution  model  based  on  presence  and  absence  data  from 
trapping  in  the  field,  the  circumstances  under  which  AUC 
could  be  a misleading  performance  measure  do  not  apply  to 
our  study  (Lobo  et  al.  2008).  Higher  AUC  scores  can  likely  be 
obtained  by  increasing  the  geographical  extent  of  models 
(Lobo  et  al.  2008)  because  of  the  larger  environmental 
distances  of  the  absences.  Nevertheless,  the  results  of  the 
distribution  model  presented  here  are  limited  to  the  predictors 
used  and,  to  some  extent,  to  the  location  from  which  the  data 
were  obtained.  Internal  validation  revealed  only  slight  over- 
fitting,  but  further  analysis  is  necessary  to  determine  whether 
the  model  is  generally  applicable  to  other  regions.  In  general, 
both  the  BRT  and  the  logistic  regression  model  seem  to  be 
robust  (bootstrapping)  within  the  investigated  study  site. 

As  E.  kollari  was  not  found  in  19  of  the  60  pitfall  traps  in  the 
most  suitable  part  of  our  study  site  (part  A),  we  assume  that  it 
could  follow  the  metapopulation  dynamics  reported  from 
other  arthropod  stenotopic  heathland  species  (Habel  et  al. 
2007;  Assmann  & Janssen  1999;  Drees  et  al.  2011).  This  may 
also  be  the  reason  why  our  statistical  models  do  not  explain 
more  than  38%  of  the  occurrence  of  E.  kollari  on  our  study 
site. 

The  dispersal  power  of  E.  kollari  is  too  low  to  colonize  or 
recolonize  empty  habitat  patches,  at  least  under  the  conditions 
of  the  highly  fragmented  heathland  patches  in  the  nature 
reserve  Liineburger  Heide  (cf  Eggers  et  al.  2010).  Baumann 
(1997)  proved  low  dispersal  power  by  marking  1,004 
individuals  of  Eresus.  Recaptures  showed  that  this  species 
has  a very  poor  dispersal  potential,  since  the  offspring  build 
their  new  burrows  in  close  proximity  to  their  mother’s  web. 
Baumann’s  studies  on  males  have  shown  that  spatial  resistance 
is  of  great  importance  to  these  animals;  thus,  males  do  not 
move  farther  than  10  to  12  m on  average  from  their  own 
burrows.  The  farthest  distance  moved  by  a single  spider  was 
61  m. 

Therefore,  both  low  dispersal  power  and  the  spatially 
structured  populations,  as  indicated  by  positive  spatial 
autocorrelation  within  the  first  50  m around  occurrences, 
should  result  in  a decline  of  the  species  if  heathland  areas  are 
strongly  fragmented.  This  decline  has  already  been  recognized 
(Platen  et  al.  1998;  Blick  et  al.,  in  press).  Proof  of  the  existence 
of  non-occupied,  though  suitable  patches  for  an  Eresus  species 
has  already  been  given  by  a successful  transfer  experiment  in 


England  with  E.  sandalialus,  a sibling  species  of  E.  kollari 
(Hughes  et  al.  2009).  This  result  can  be  best  explained  by  a 
metapopulation  structure  in  E.  sandalialus. 

Conclusions  for  a sound  conservation  strategy. — Due  to  both 
the  spatially  structured  populations  and  the  probable  existence 
of  unoccupied  habitat  patches,  we  recommend  re-introduction 
experiments  with  E.  kollari  to  habitat  patches  that  seem  to 
belong  to  the  same  type  of  patches.  Monitoring  of  the  re- 
introduction  effort  is  also  strongly  recommended. 

Three  main  variables  (thickness  of  the  organic  layer,  soil 
temperature  at  10  cm  depth,  Calhma  cover  in  the  herb  layer) 
have  been  shown  to  be  decisive  for  the  occurrence  of  the 
ladybird  spider.  Based  on  these  variables,  we  recommend  the 
implementation  of  an  elaborated  management  plan  that 
guarantees  long-term  heathland  quality  (cf.  McFerran  et  al. 
1995;  Bell  et  al.  2001)  and  can  accommodate  the  habitat 
requirements  of  E.  kollari: 

1)  Choppering  is  a management  measure  that  creates  bare 
soil  by  removing  the  above-ground  biomass  and  most  parts  of 
the  0-layer,  with  only  a thin  layer  of  organic  material 
remaining  on  the  surface  (Niemeyer  et  al.  2007).  It  promotes 
the  heterogeneity  of  heathland  soil  by  removing  the  small 
ridges  and  maintaining  the  micro-relief.  Thus,  after  being 
choppered,  the  raw-humus  layer  would  offer  a huge  variety  of 
suitable  combinations  of  the  variables  ‘organic  layer’  and 
'Calhma  coverage’  suggested  by  our  habitat  model.  In  part  A 
of  our  study  area,  the  last  heathland  management  measure, 
‘mulch  mowing,’  took  place  in  2002.  Mowing,  too,  seems  to  be 
an  appropriate  measure  for  conservation  of  the  E.  kollari 
population  and  probably  also  for  other  European  Eresus 
species  on  different  sites  (Usher  1992;  Bell  et  al.  2001). 

2)  We  also  recommend  prescribed  burning,  since  it  leaves 
the  temperatures  unchanged  at  a depth  of  a few  centimeters  so 
that  it  cannot  harm  the  spider  in  its  tube  webs;  the  whole 
process  also  leaves  the  micro-relief  untouched  (McFerran  et  al. 
1995;  Niemeyer  et  al.  2005).  The  structure  after  burning  might 
also  provide  appropriate  habitat.  However,  the  raw  humus 
layer  required  by  E.  kollari  will  only  be  restored  after  several 
years.  Grasses  (e.g.,  Molinia  careulea)  regenerate  after 
prescribed  burning,  but  break  down  only  after  the  second 
year  (Niemeyer  et  al.  2005;  Hardtle  et  al.  2009). 

Usher  (1992)  suggests  that  the  habitats  of  such  a rare  species 
as  Eresus  kollari  should  be  managed  throughout  Europe.  As  a 
basic  principle,  if  management  measures  are  not  applied  in 
heathlands,  it  will  not  be  possible  to  ensure  the  long-term 
preservation  of  this  habitat  (Usher  1992;  Hardtle  et  al.  2007). 
For  choppering,  we  recommend  that  a pattern  of  strips  or  a 
fishbone-structure  should  be  employed  in  E.  kollari  conserva- 
tion measures,  so  that  the  spiders  have  the  chance  to  move 
from  the  untouched  colonized  habitat  patches  into  the 
managed  areas  in  order  to  colonize  or  recolonize  empty 
habitat  patches.  The  measures  should  be  applied  at  a distance 
of  a maximum  of  50  m as  well.  We  would  recommend  that  the 
strips  should  be  not  broader  than  the  machine  used,  and  the 
patches  chosen  for  choppering  should  be  narrow  enough  to 
allow  the  spider  to  move  over.  It  is  also  very  important  to 
leave  some  time  (ca  5 yr)  after  the  measures  have  been  carried 
out  for  the  development  or  redevelopment  of  these  sites,  and 
to  spread  the  measures  cyclically  and  periodically  in  space  and 
time. 
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Our  knowledge  of  the  effects  of  management  measures  on 
arthropod  fauna  is  still  poor,  and  long-term  studies  are  only 
available  for  ground  beetles  in  the  Netherlands  (den  Boer  & 
van  Dijk  1995).  These  studies  report  that  some  endangered 
species,  typical  for  heathlands,  benefit  from  burning  and 
choppering  (or,  in  some  cases,  sod  cutting).  The  only  known 
long-term  study  of  the  dynamics  of  heathland  spider  species 
does  not  refer  to  the  effects  of  habitat  management  (Gajdos  & 
Toft  2000).  Only  long-term  monitoring  (over  at  least  10  years) 
will  be  able  to  show  what  impact  the  management  measures 
recommended  as  a result  of  our  habitat  suitability  model  will 
have  on  the  endangered  spider  species  E.  kollari. 
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Abstract.  Research  studies  of  the  shallow  subterranean  habitats  as  environments  for  arthropods  have  been  sparse  up  to 
this  point.  Using  subterranean  traps,  we  studied  the  distribution  of  spiders  in  soil  profile  over  a depth  span  of  5-95  cm  at  six 
sites.  Although  almost  40%  of  individual  specimens  (1088  in  total)  were  obtained  from  the  epigeon  (5  cm  depth),  spiders 
colonized  all  parts  of  the  soil  profiles  examined.  Beside  ground-dwelling  species  with  significant  preferences  for  the  upper 
layers,  some  species  {Porrhomma  microphthalmum  (O.  Pickard-Cambridge  1871),  Centromerus  cavernarum  (L.  Koch  1872), 

Cicurina  cicur  (Fabricius  1793),  Dysdera  lantosquemis  Simon  1882,  and  Nesticus  cellulanus  (Clerck  1757))  commonly 
inhabited  the  whole  range  of  the  profiles  studied,  without  any  depth  preference.  In  contrast,  depigmented  and 
microphthalmous  Porrhomma  microps  {Roewer  1931)  and  Maro  sp.  exclusively  inhabited  deep  soil  layers  adjoining  void 
systems  in  bedrock. 

Keywords:  Mesovoid  shallow  substratum,  superficial  underground  compartment,  subterranean  environment,  Araneae 


The  soil  is  an  aphotic  environment  inhabited  by  casual 
transmigrants  as  well  as  fauna  adapted  for  subterranean  life 
(e.g.,  microphthalmy,  depigmentation  etc.).  Soil  porosity 
limits  the  size  of  its  inhabitants;  nevertheless,  soil  spaces  vary 
in  dimension  from  sand  fissures  to  cave  systems  (Christian 

1999) .  Three  distinct  types  of  habitats  in  relation  to  the  soil 
can  be  formally  distinguished:  1)  epigean,  inhabited  by  surface 
dwelling  animals;  2)  endogean,  with  mainly  edaphic  animals; 
and  3)  hypogean,  with  subterranean  species  inhabiting  void 
systems,  including  caves  (Giachino  & Vaiiati  2010). 

Our  knowledge  of  endo-  and  hypogeic  animals  is  limited, 
due  to  difficulties  in  collecting  samples.  Invertebrates  inhab- 
iting a subterranean  environment  can  be  studied  with  the  use 
of  only  a few  methods.  One  such  method  is  the  use  of  pitfall 
traps,  modified  in  various  ways  (e.g.,  a collar  around  the  nose, 
perforation  of  walls),  dug  to  different  depths  and  exposed  for 
an  extended  period  of  time  (Ruzicka  1982,  1988;  Yamaguchi  & 
Hasegawa  1996).  Another  type  is  Barber’s  Shingle  Trap 
(Barber  1997),  with  bait  inside  and  a long  hose  exposed  at 
the  depth  studied.  A frequently  used  method  involves  traps 
installed  in  drills  (Illie  2003;  Illie  et  al.  2003;  Negrea  2004).  One 
clever  modification  of  drill  trapping  is  the  subterranean  trap 
designed  by  Schlick-Steiner  and  Steiner  (2000)  that  collects 
animals  in  one  drill  at  various  depths. 

Beside  an  extensive  knowledge  of  cave  spiders  (e.g.,  Paquin  & 
Duperre  2009),  we  have  some  information  on  spiders  in  scree 
slopes  (Ruzicka  et  al.  1995;  Ruzicka  1999a,  1999b,  2002; 
Ruzicka  & Klimes  2005).  In  stony  alpine  debris,  spiders  are 
generally  most  abundant  in  the  upper  layers,  but  differ 
significantly  depending  on  locality  (Schlick-Steiner  & Steiner 

2000) .  A similar  pattern  of  abundance  was  found  in  the  vertical 
distribution  of  spiders  in  peat  bogs  (Biteniekyte  & Relys  2006). 
However,  we  have  limited  knowledge  about  spiders  inhabiting 
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soil,  as  endogeic  and  hypogeic  spiders  have  only  been  studied 
recently  in  Bulgaria  (Deltshev  et  al.  2011).  The  present  study 
aims  to  reveal  whether  spiders  inhabit  deep  soil  layers  and  to 
characterize  the  vertical  distribution  of  spider  communities  at 
several  sites  with  different  soil  types  in  Central  Europe. 

METHODS 

Site  description. — The  research  was  carried  out  at  six  sites  in 
the  Czech  Republic;  three  of  them  {Above  cave,  Rock,  Debris) 
were  situated  in  Central  Moravia  near  the  town  of  Hranice  na 
Morave  (320  m a.s.L).  The  other  three  sites  (Beech  wood, 
Quarry,  Valley)  were  situated  10  km  east  of  the  town  of 
Skutec,  on  the  border  of  Zdarske  vrchy  Protected  Landscape 
Area  (Eastern  Bohemia,  approx.  450  m a.s.l.). 

Above  cave  (49°31'N,  17°44'E).-  This  site  is  situated  above 
Zbrasov  Aragonite  Caves.  The  cave  system  is  linked  with 
stony  debris  above  through  shafts,  ending  approximately  one 
meter  below  the  surface.  The  upper  soil  layer  was  covered  by 
leaf  litter  from  deciduous  forest.  The  debris  was  partially  filled 
by  soil  particles  created  by  interskeletal  erosion  forming 
lithosol  soil  type. 

Rock  (49°32'N,  17°44'E).-  This  site  is  one  kilometer  from 
Above  cave  under  a limestone  rock  face  in  deciduous  forest.  In 
this  renzic  ieptosol  soil  type,  the  upper  organic  layer  is  about 
5 cm  thick,  the  A-horizon  with  a mixture  of  organic  and 
inorganic  particles  (about  15  cm  thick)  passing  to  the  C- 
horizon  with  broken-down  lime  bedrock  (stones  several 
centimeters  in  diameter)  and  clay. 

Debris  (49°32'N,  17°44'E).-  This  site  is  only  about  50  m from 
the  Rock  site  on  a slope  in  deciduous  forest.  The  soil  is  similar 
to  the  previous  one,  but  with  larger  stones  (20-30  cm). 

Beech  wood  (49°50'N,  16°3'E).-  This  site  with  cambisol  soil 
type  has  a thick  layer  of  leaf  litter  covering  an  A-horizon  (ca 
15  cm)  passing  to  a 50  cm-thick  cambic  horizon  above 
arenaceous  marl  bedrock. 
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Table  I.  - List  of  spider  species  in  subterranean  traps,  with  the 
number  of  trapped  specimens  and  their  depth  range  (uppermost  to 
undermost  record).  Nomenclature  of  spiders  according  to  Platnick 
(2010)  with  two  exceptions:  Dysdeni  lantosquensis  sensu  Rezac  et  al. 
(2008)  and  PorrhoDuiui  microps  (=  hitivchuu)  sensu  Ruzicka  (2009). 


Family  / Species 

# Specimens 

Depth 

distribution 

Dysderidae 

Dvsdera  lautoscpiensis  Simon 

1882 

25 

5-  95  cm 

Harpactea  lepidci  (C.L.  Koch 

1838) 

101 

5 95  cm 

Harpactea  rahicanda  (C.L.  Koch 

1838) 

3 

5-15  cm 

Nesticidae 

Nest  leas  celhdanus  (Clerck  1757) 

28 

5-85  cm 

Theridiidae 

Pliolcomnui  gibhuni  (Westring 

1851) 

14 

5-95  cm 

Robertas  lividus  (Blackwall  1836) 

13 

5-35  cm 

Robertas  truncoruni  (L.  Koch 

1872) 

2 

15  cm 

Linyphiidae 

Asthenargus  perforatus  Schenkel 

1929 

1 

1 5 cm 

Bathvphantes  gracilis  (Blackwall 

1841) 

1 

5 cm 

Centronieras  cavernarani  (L.  Koch 
1872) 

28 

5-75  cm 

Centronieras  silvicola  (Kulczyhski 

1887) 

37 

5 55  cm 

Ceratinella  brevis  (Wider  1834) 

16 

5-15  cm 

Diplocephalas  picinas  (Blackwall 

1841) 

5 

5-25  cm 

Diplostyla  concolor  (Wider  1834) 

7 

5 1 5 cm 

Entelecara  acaniinata  (Wider  1834) 

1 

55  cm 

Maro  sp. 

2 

45-65  cm 

Micrargas  herbigradas 
(Blackwall  1854) 

5 

5-15  cm 

Microneta  viaria 
(Blackwall  1841) 

6 

5 cm 

Neriene  eniphana  (Walckenaer  1841) 

1 

25  cm 

Oedotliorax  apicatas  (Blackwall  1850) 

223 

5-55  cm 

Pallidapliantes  ahitacias  (Simon  1884) 

83 

5-95  cm 

Porrhonnna  ndcrophtludinain 
(O.  Pickard-Cambridge  1871) 

185 

5-85  cm 

Porriionuna  microps  (Roewer  1931) 

21 

25-85  cm 

Porrhoinnia  oblitani 

(O.  Pickard-Cambridge  1871) 

1 

15  cm 

Saaristoa  firina 

(O.  Pickard-Cambridge  1905) 

1 

25  cm 

Saloca  diceros 

(O.  Pickard-Cambridge  1871) 

15 

5-95  cm 

Tenaiphantes  flavipes  ( Blackwall 

1854) 

21 

5-35  cm 

Tenaiphantes  tenebricola  (Wider  1834) 

1 

5 cm 

Walckenaeria  atrotibialis 
(O.  Pickard-Cambridge  1878) 

2 

5 cm 

Walckenaeria  dvsderoides  (Wider 

1834) 

1 

15  cm 

Walckenaeria  farcillata  (Menge  1869) 

3 

5-1 5 cm 

Walckenaeria  obtasa  Blackwall  1836 

2 

5 cm 

Table  I. — Continued. 


Family  / Species 


Depth 

# Specimens  distribution 


Wulckenaeria  vigilax  (Blackwall  1853) 
Araneidae 

Araneus  diadenuitus  Clerck  1757 
Lycosidae 

Trocliosa  terricoki  Thorell  1856 
Agelenidae 

Histopona  torpida  (C.L.  Koch  1834) 
Maltlioiiicci  silvestris  {L.  Koch  1872) 

Cybaeidae 

Cyhaeus  angustiarum  L.  Koch  1 868 
Hahniidae 

Hahniu  iiava  (Blackwall  1841) 
Dictynidae 

Cicurina  ciciir  (Fabricius  1793) 
Amaurobiidae 

Anumrohius  fenestndis  (Strom  1768) 
Callohiiis  claiistnirius  (Hahn  1833) 
Coelotes  terrestris  (Wider  1834) 
Eurocoelotes  inernus  (L.  Koch  1855) 

Liocranidae 

Apostenus  fiiscus  Westring  1851 
Clubionidae 

Cluhioita  hrevipes  Blackwall  1841 
Salticidae 

Bcdlus  dudyheuts  (Walckenaer  1802) 
Neon  reticidatus  (Blackwall  1853) 


5 1 5 cm 

1 5 cm 

2 25-35  cm 

7 5-85  cm 

6 5-65  cm 

8 5-75  cm 

1 25  cm 

123  5-95  cm 

2 5 cm 

2 5-15  cm 

9 5-25  cm 

12  5 cm 

5 5-15  cm 

3 5 cm 

3 5 cm 

9 15-25  cm 


Quarry  (49°50'N,  I6°2'E).-  This  site  was  situated  in  an 
abandoned  basalt  quarry.  The  soil  profile  consisted  entirely  of 
pieces  of  basalt  about  10  cm  in  size.  The  upper  soil  layers, 
including  vegetation,  were  removed  during  excavation. 

Valley  (49°50'N,  16°2'E).-  This  site  is  ca  1 km  from  the 
preceding  one,  situated  in  the  Krounka  stream  basin.  This 
debris  slope  is  covered  by  deciduous  forest  and  large  stones 
overgrown  with  mosses.  The  homogenous  soil  profile  com- 
prised of  basalt  stones  is  about  20-25  cm  in  size  with  space 
partially  filled  by  organic  material  from  trees  and  inorganic 
particles  created  by  erosion  to  a depth  of  one  meter. 

Sampling. — Spiders  were  collected  using  subterranean  traps 
(Schlick-Steiner  & Steiner  2000).  The  trap,  made  of  rigid 
plastic,  consists  of  a tube  (10  cm  in  diameter)  with  three 
fissures  (ca  4 mm  wide,  6-7  cm  long)  at  10  cm  intervals.  The 
traps  are  over  one  meter  long,  and  the  last  sampling  fissure 
was  95  cm  deep.  A hole,  about  1 .5  X 0.7  m and  1.3  m deep  was 
dug  at  each  site,  and  soils  of  different  layers  were  separated 
carefully  using  plastic  sheets.  Three  tubes  were  put  in  the  hole 
in  line  with  each  other,  50  cm  apart,  and  the  hole  was  then 
filled  with  soil  in  the  proper  order.  A set  of  ten  removable 
plastic  containers  (250  ml)  situated  on  a central  metal  axis  was 
placed  in  each  tube;  the  position  of  the  containers  corre- 
sponded to  the  fissures  in  the  tube.  Through  this  arrangement, 
the  containers  collected  animals  entering  the  tube  through 
fissures  at  particular  depths.  The  traps  were  filled  with  a 4% 
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Figure  1. — Depth  distribution  of  spider  individuals  at  sites  studied  (number  of  all  collected  specimens).  A - Above  cave  (altogether  205 
individuals,  17  spp.),  B - Rock  (55  individuals,  12  spp.),  C - Debris  (126  individuals,  20  spp.),  D - Beech  wood  (1 13  individuals,  17  spp.),  E - 
Quarry  (433  individuals,  9 spp.),  F - Valley  (156  individuals,  18  spp.). 


formaldehyde  solution  and  emptied  at  six-week  intervals 
between  7 March  2005  and  17  March  2007.  Voucher 
specimens  are  deposited  in  the  collection  of  V.  Ruzicka  at 
the  Institute  of  Entomology,  Biology  Centre,  AS  CR  in  Ceske 
Budejovice. 

Data  analysis. — In  the  analysis,  we  used  only  species  with 
more  than  10  individuals  andMr  species  found  in  more  than 
four  sites.  RDA  (Canonical  redundancy  analysis)  was  used  to 
study  the  effect  of  depth  and  individual  site.  The  significance  of 
the  first  axis  was  determined  by  a Monte  Carlo  permutation  test 
(499  permutations).  Data  standardized  by  error  variance  were 
used  for  RDA.  Generalized  linear  models  (GLM)  with  Poisson 
errors  were  used  to  study  the  relationship  of  each  species  and 
environmental  variables  (site,  depth).  CANOCO  software  was 
used  for  these  analyses  (Ter  Braak,  Smilauer  1998). 

RESULTS 

The  most  numerous  taxa  collected  were  Collembola 
(44.7%),  followed  by  Diptera  (13.0%),  Oniscidea  (12.5%), 
Coleoptera  (10.8%),  Araneae  (10.0%),  and  other  rare  taxa 
(Diplopoda  2.7%,  Acarina  2.0%,  Chilopoda  1.3%,  Pseudo- 


scorpiones  1.1%,  Formicidae  0.8%,  Dermaptera  0.6%,  and 
Opiliones  0.4%  respectively).  Altogether,  1088  spider  speci- 
mens of  48  species  were  trapped  (Table  !).  Among  14  spider 
families,  the  Linyphiidae  was  the  richest  in  species  (26  species), 
followed  by  the  Amaurobiidae  (4  species),  Theridiidae  and 
Dysderidae  (3  species  each)  and  Agelenidae  and  Salticidae  (2 
species  each).  We  only  evaluated  the  distribution  of  the  17 
most  numerous  species  statistically. 

Quarry  was  the  site  with  the  greatest  number  of  trapped 
spiders  (433  individuals,  9 species);  the  highest  number  of 
species  was  recorded  at  Debris  (20  species).  The  most 
numerous  catches  were  in  the  upper  level,  at  a depth  of  5 cm 
(almost  40%  of  the  individuals),  and  the  lowest  were  at  a depth 
of  95  cm  (2.5%).  Beside  the  most  abundant  spiders  at  the 
uppermost  level,  no  common  pattern  was  typical  for  all  sites 
(Fig.  i).  The  number  of  spider  species  below  55  cm  was 
highest  in  the  Above  cave  site  (over  30%),  followed  by  Debris, 
Beech  wood,  and  Vcdley  sites  (about  20%),  followed  by  Rock 
and  Quarry  sites  (only  approximately  6%). 

The  RDA  model  revealed  significant  differences  among  the 
distribution  of  species  {F  = 9.07,  P < 0.01).  The  sum  of  all 


396 


THE  JOURNAL  OF  ARACHNOLOGY 


Figure  2. — RDA  ordination  biplot  illustrating  distribution  of  spiders  in  relation  to  sites  and  depth.  Abbreviations:  CenCav  - Centromerus 
cavenuinim,  CenSil  - Centromerus  silvicola,  CerBre  - Ceratinelki  brevis,  CicCic  - Cicurimi  ciciir,  DipCon  - Diplostyla  concolor,  DysLan  - Dysdera 
kmtosqiiensis,  Eurine  - Eurocoeloles  inermis,  HarLep  - Harpactea  lepida,  NesCel  - Nesticus  cellukimis,  OedApi  - Oedothorax  apicatus,  PalAlu  - 
Pallidiiphantes  alutacius,  PhoGib  - Pholcomma  gihhiini,  PorMil  - Porrhumma  microphthahmim,  PorMis  - Porrhommci  microps,  RobLiv  - 
Rohertus  lividus,  SalDic  - Saloca  diceros,  TenFla  - Tenuiphantes  fkivipes. 


canonical  eigenvalues  explains  50.7%  of  variability.  Although 
there  is  no  common  pattern  of  depth  distribution  of  spiders, 
depth  is  a significant  general  predictor  (F  = 7.74,  P < 0.01), 
and  distribution  patterns  and  community  compositions  differ 
among  sites  {F  = 3.18,  P = 0.04).  The  ordination  diagram 
shows  that  Porrhomu  microps  (Roewer  1931)  is  positively 
correlated  with  soil  depth  (Fig.  2). 

GLM  modeling  of  the  response  of  the  17  dominant  spider 
species  to  depth  showed  significant  pattern  for  ground-dwelling 
species  mainly;  the  spiders  inhabiting  the  entire  profile  do  not 
significantly  prefer  any  depth  (Table  2).  These  17  species  can  be 
separated  into  four  categories  according  to  their  depth 
distribution  and  preferences  (distributions  of  1 1 species  with 
more  than  20  trapped  specimens  are  displayed  in  Fig.  3); 

1 . Exclusively  surface  dwelling  species:  Ewocoelotes  inermis 
(L.  Koch  1855),  Diplostyla  concolor  (Wider  1834), 
Cerafinella  brevis  (Wider  1834) 

2.  Surface-dwelling  species  (significant  preference  for  upper 
layers)  penetrating  into  deeper  layers:  Centromerus 
silvicola  (Kulczyhski  1887),  Oedothorax  apicatus  (Black- 
wall  1850),  Tenuiphantes  flavipes  (Blackwall  1854), 
Harpactea  lepida  (C.L.  Koch  1838),  Rohertus  lividus 
(Blackwall  1836),  Palliduphantes  alutacius  {^\mon  1884), 
Saloca  diceros  (O.  Pickard-Cambridge  1871) 

3.  Species  inhabiting  whole  soil  profile  (without  preference 
for  any  depth):  Pholcomma  gihhum  (Westring  1851), 


Porrhomma  microphthalmum  (O.  Pickard-Cambridge 
1871),  Centromerus  eavernarum  (L.  Koch  1872),  Cicurina 
eicur  (Farricius  1793),  Dysdera  lantosquensis  Simon  1882, 
Nesticus  cellulanus  (Clerck  1757) 

4.  Species  inhabiting  exclusively  (any)  of  the  deeper  layers: 
Porrhomma  microps.  Two  other  species,  too  rare  for 
statistical  evaluation,  were  found  in  the  deeper  layers: 
Entelecara  acuminata  (Wider  1834)  at  55  cm  and  Maro 
sp.  at  45  cm  and  65  cm  (identification  is  complicated  by 
expanded  palps;  these  two  specimens  have  slightly 
reduced  eyes,  unlike  species  of  Maro,  posterior  median 
eyes  1.2  diameters  apart). 

DISCUSSION 

Studies  of  the  deep  soil  layer  environment  have  been  scarce 
due  to  the  difficulty  of  sampling  these  arthropod  communities. 
We  present  evidence  for  the  occurrence  of  spiders  (inverte- 
brates larger  than  typical  soil  invertebrates  such  as  mites  and 
collembolans)  in  soil  layers  down  to  one  meter  in  depth. 

Vertical  distribution  of  spiders  in  the  soil  profile  differed 
according  to  the  habitat  type.  Although  we  were  not  able  to 
evaluate  the  soil  porosity  due  to  the  presence  of  large  stones 
(making  it  impossible  to  take  intact  soil  samples),  we  assume 
that  there  were  relatively  large  spaces  at  some  study  sites  (e.g., 
in  fractured,  arenaceous  marl  bedrock).  This  seems  to  be  an 
important  factor  for  the  vertical  distribution  of  spiders. 
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Figure  3. — Depth  distribution  of  1 1 species  (more  than  20  trapped  specimens  apiece).  Bars  represent  mean  proportions,  whiskers  are  95% 
confidence  intervals.  A - Tenuiphantes  JIavipes  (mean  record  at  12  cm),  B - Oedothorax  apicatus  (mean  record  at  11  cm),  C - Centromerus 
silvicola  (mean  record  at  10  cm),  D - Porrhomma  mkrophthalmum  (mean  record  at  27  cm),  E - Harpactea  lepida  (mean  record  at  19  cm),  F - 
PalUduphantes  alutacius  (mean  record  at  38  cm),  G - Centromerus  cavernarum  (mean  record  at  39  cm),  H - Cicurina  ckur  (mean  record  at  40  cm), 
I - Dysdera  lantosquensis  (mean  record  at  40  cm),  J - Nestkus  celhdanus  (mean  record  at  48  cm),  K - Porrhomma  microps  (mean  record  at  61  cm). 


Spiders  were  found  to  inhabit  deeper  soil  layers  in  scree  slopes 
with  large  soil  spaces  (Above  cave.  Debris,  Valley,  Beech  wood. 
Fig.  1).  Spiders  were  less  common  in  the  deeper  soil  layers  in 
sites  with  small  spaces  and  small  stones.  The  Beech  wood  site 
was  a different  case,  hosting  spiders  in  the  deep  soil  layer, 
which  likely  did  not  penetrate  it  from  the  surface.  Spiders 
found  here  were  microphthalmous  species  that  can  inhabit  the 
subterranean  environment  created  by  systems  of  voids  (MSS) 
in  arenaceous  marl  bedrock  exclusively.  Presence  of  MSS  is 
evident  at  sites  Above  Cave  (corresponding  with  cave 
environment)  and  also  Valley  (Fig.  1). 

Several  species  exhibit  a clear  tendency  to  live  in  deep  soil 
layers.  These  belong  to  the  families  Linyphiidae,  Dictynidae, 
and  Nesticidae.  Small  body  size  results  in  a large  ratio  of 
surface  area  to  volume,  and  vulnerability  of  desiccation.  The 
deeper  layers  of  soil  can  protect  these  individuals  against 
desiccation.  Such  a pattern  was  described  by  Wagner  et  al. 
(2003)  in  the  litter  at  a microscale  level. 

An  affinity  to  a broad  spectrum  of  subterranean  habitats  is 
found  in  species  of  the  genus  Porrhomma.  A species  recorded 
in  this  study,  P.  microps,  has  been  repeatedly  found  in  caves  in 
Italy  and  in  leaf  litter  in  Germany  (Ruzicka  2009).  Although  it 
also  inhabits  leaf  litter  in  floodplain  forests  of  the  Czech 
Republic  (Buchar  & Ruzicka  2002),  it  was  also  recently  found 


Table  2. — Categorization  of  species  by  their  affinity  to  depth  and 
results  of  GLM  model  (Note:  only  values  related  to  depth 
are  presented). 


Species 

Category 

F 

P 

Ceratinella  brevis 

1 

3.78 

0.03 

Diplostyla  concolor 

1 

24.91 

< l.Oe-6 

Eurocoelotes  inermis 

1 

20.18 

< l.Oe-6 

Centromerus  silvicola 

2 

5.12 

0.01 

Harpactea  lepida 

2 

12.56 

0.00 

Oedothorax  apicatus 

2 

3.5! 

0.04 

PalUduphantes  alutacius 

2 

3.62 

0.03 

Rohertus  Uvidus 

2 

4.71 

0.0! 

Saloca  diceros 

2 

3.17 

0.05 

Tenuiphantes  JIavipes 

2 

13.93 

0.00 

Centromerus  cavernarum 

3 

1.75 

0.18 

Cicurina  ckur 

3 

1.45 

0.24 

Dysdera  lantosquensis 

3 

2.21 

0.12 

Pholcomma  gibbum 

3 

2.97 

0.06 

Porrhomma  mkrophthalmum 

3 

2.06 

0.14 

Nesticus  celluianus 

3 

0.96 

0.39 

Porrhomma  microps 

4 

1.67 

0.20 
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in  karst  and  pseudokarst  caves.  Porrhomma  egeria  Simon  1884 
was  recorded  in  basalt  scree  slopes  at  a depth  of  about  i m 
(Ruzicka  et  al.  1995)  and  in  the  block  accumulations  and 
crevice  caves  in  a decaying  gneiss  massif  at  depths  greater  than 
5 111  (Ruzicka  1996).  A troglomorphic  population  of  Por- 
rhomma myops  Simon  1884  was  recorded  in  caves  and  in 
andesite  scree  slopes  at  a depth  of  40-100  cm  (Ruzicka  2002), 
whereas  an  edaphomorphic  population  of  this  species  was 
described  from  a deep  soil  layer  (35-95  cm)  in  floodplain 
forest  (Ruzicka  et  al.  2011).  Porrhomma  microcavense  Wun- 
derlich 1990  was  recorded  in  an  arenaceous  marl  layer  (Kurka 
et  al.  2006).  This  rock  is  known  to  form  extensive  under- 
ground void  systems,  and  we  consider  these  void  systems  to  be 
ideal  locations  for  the  future  research  of  invertebrates  in 
shallow  subterranean  habitats.  This  assumption  is  supported 
by  a record  of  microphthalmous  Maro  sp.  in  a beech  forest  on 
arenaceous  marl  bedrock  during  our  research. 

Another  species,  Zangherella  relicta  (Kratochvil  1935) 
(Anapidae)  was  described  from  caves  in  Montenegro,  and 
recently  it  was  found  at  several  localities  in  Bulgaria,  where  it 
occurs  exclusively  in  mountain  scree  slopes  at  depths  of  40- 
50  cm  (Deitshev  et  al.  2011).  All  these  findings  document 
individual  phases  of  the  evolutionary  process  leading  to 
colonization  of  subterranean  environment  over  the  entire 
depth  profile  of  the  terrain  (Ruzicka  1999a;  Culver  & Pipan 
2009;  Giachino  & Vailati  2010). 
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Developmental  response  to  low  diets  by  giant  Nephila  davipes  females  (Araneae:  Nephilidae) 

Linden  Higgins  and  Charles  Goodnight:  Department  of  Biology,  University  of  Vermont,  Burlington  Vermont  05405  USA. 
E-mail:  Linden.Higgins@uvm.edu 

Abstract.  Female-biased  sexual  size  dimorphism  is  common  in  arthropods,  apparently  driven  by  fecundity  selection  in 
females.  Selective  pressures  that  limit  growth  are  less  often  considered.  One  factor  that  researchers  have  rarely  considered  is 
the  possible  role  of  energetic  limits  on  growth.  The  orb  weaving  spider  Nephila  davipes  (Linnaeus  1767)  is  extremely 
sexually  size  dimorphic.  Males  are  “normal”  sized  spiders  and  females  are  up  to  ten  times  longer,  having  passed  through 
several  additional  juvenile  instars.  This  extreme  size  dimorphism  presents  the  opportunity  to  test  for  intrinsic  energetic  costs 
of  gigantism.  Prior  studies  have  shown  that  males  successfully  reach  maturity  on  a range  of  diets,  while  female  dietary 
requirements  increase  rapidly  with  increasing  size.  We  here  examine  the  effects  of  variation  in  food  availability  on  juvenile 
female  development  by  randomly  assigning  spiderlings  from  six  different  families  (from  six  distinct  populations)  to 
quantitatively  varying  but  qualitatively  identical  diets.  Based  upon  field  observations,  we  expected  that  dietary  restrictions 
would  have  the  greatest  effect  on  duration  of  instars,  particularly  later  instars,  and  on  instar  number  (because  longer  total 
development  would  lead  to  curtailment  of  growth  at  an  earlier  stage),  with  relatively  little  effect  on  growth  per  molt. 

Because  the  diets  ranged  from  higher  than  mean  intake  observed  in  the  field  to  well  below  mean  intake,  we  expected  females 
to  mature  at  a wide  range  of  instars  (and  sizes).  Our  results  support  the  functional  relationship  among  food  intake,  instar 
duration,  and  fixed  growth  per  molt  (although  growth  per  molt  was  less  canalized  than  suggested  by  field  observations). 

However,  we  observed  no  variation  in  number  of  instars,  and  we  suggest  that  these  data  provide  additional  support  for  the 
importance  of  rare,  large  prey  in  the  diets  of  web-building  spiders. 

Keywords:  Phenotypic  plasticity,  rare  large  prey  hypothesis,  survivorship 


“Reverse”  sexual  size  dimorphism  (SSD)  is  generally 
believed  due  to  fecundity  selection  (Darwin  1871);  female 
arthropods  commonly  show  size-dependent  fecundity,  where 
larger  or  heavier  females  lay  many  more  eggs  (e.g.,  Miyashita 
1986;  Higgins  1992a,  2002;  Legrand  & Morse  2000;  Uhl  et  al. 
2004;  Fernandez-Montraveta  & Moya-Larano  2007).  But 
there  must  be  countervailing  selection  against  continued 
increases  in  female  size.  Proposed  selective  pressures  against 
larger  size  include  selection  for  early  maturation  (e.g.,  Roff 
2001;  however,  see  Berner  & Blanckenhorn  2007),  selection 
against  developmental  asynchrony  when  males  are  much 
smaller  than  females  (Calabrese  et  al.  2008;  L.  Higgins  & C. 
Goodnight  pers.  obs.),  and  selection  imposed  by  the  increased 
energetic  requirements  of  increased  size  (Higgins  2002; 
Higgins  & Goodnight  2010). 

In  Nephila,  as  in  most  spiders,  development  is  determi- 
nant; there  are  no  molts  subsequent  to  the  molt  to  sexual 
maturity.  Age  and  size  at  sexual  maturity  reflect  the 
interaction  of  juvenile  development  with  the  environment 
(Higgins  & Rankin  1996;  Berner  & Blankenhorn  2007).  Size 
at  sexual  maturity  is  determined  by  growth  per  molt,  which 
shows  little  variation  in  the  field  (Higgins  1992a,  1993)  and 
the  total  number  of  instars  (Higgins  and  Rankin  1996).  Age 
at  sexual  maturity  is  determined  by  the  time  spent  in  each 
instar  and  the  number  of  instars.  Nephila  davipes  (Linnaeus 
1767)  females  are  several  instars  larger  than  their  male 
siblings,  and  juvenile  females  require  accelerating  amounts 
of  food,  quantities  that  are  an  increasing  proportion  of  their 
mass  rather  than  a constant  proportion  of  their  mass 
(Higgins  & Goodnight  2010).  Males,  maturing  in  roughly 
half  the  number  of  juvenile  stages  compared  to  their  female 
siblings,  have  a much  greater  likelihood  of  reaching 
maturity  under  conditions  of  food  stress  (L.  Higgins  & C. 
Goodnight  unpubl.  results). 


In  addition  to  the  energetic  constraints  that  juvenile  females 
may  experience,  field  observations  also  indicate  that  females 
are  under  different  temporal  selective  regimes  than  males.  The 
total  development  time  required  for  females  can  approach  the 
length  of  the  growing  season  in  many  habitats  (Higgins  2000), 
and  males  develop  so  much  earlier  than  females  that  late- 
maturing  females  may  not  be  able  to  find  mates  (Higgins 
1989). 

We  therefore  expect  late  instar  juvenile  females  to  respond 
very  strongly  to  dietary  limitation,  and  moreover  predict, 
based  upon  field  observations,  that  instar  duration  and  instar 
number  will  vary  more  than  growth  per  molt.  To  test  our 
model  of  developmental  responses  to  diet,  we  reared  N. 
davipes  females  on  diets  that  are  adequate  for  young  juvenile 
development  and  male  maturation  (Higgins  & Rankin  2002; 
L.  Higgins  & C.  Goodnight  pers.  obs.).  Here  we  report  on  the 
developmental  consequences  of  quantitatively  different  diets, 
ranging  from  relatively  poor  to  more  rich  than  most  field 
observations.  The  diet  treatments  were  qualitatively  identical, 
consisting  of  the  same  prey  items  in  the  same  proportions.  Our 
analyses  include  comparison  of  laboratory  growth  to  field 
growth  and  tests  for  family  and  dietary  influences  on  juvenile 
development. 

METHODS 

We  set  out  to  test  our  predictions  by  rearing  spiders  of  six 
Mexican  families  of  the  large  orb-weaving  species  Nephila 
davipes  on  three  quantitatively  different  diets,  all  within  the 
range  of  mean  daily  prey  capture  observed  in  the  field.  All 
diets  were  qualitatively  identical  and  consisted  of  prey  that 
have  been  used  to  rear  other  spider  species  successfully, 
including  other  Nephila  (Mayntz  et  al.  2003;  Fernandez- 
Montraveta  & Moya-Larano  2007;  N.  Ruppel  & J.  Schneider 
pers.  com.;  M.  Elgar  & L Ceballos  pers.  com.). 
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Table  1. — Collecting  locations  for  Nephila  clavipes.  All  are  in  Veracruz  except  Tolosita,  Oaxaca. 


Name 

Location 

Altitude 

Seasonality 

Nanciyaga 

I8°27'N,  95°4'W 

< 50  m 

long 

wet/warm  versus  dry/cool 

Quihuitztlan 

19°40'N,  96°25'W 

170  m 

long 

wet/warm  versus  dry/cool 

Fortin  de  las  Flores 

18°54'N,  96°60'W 

990  m 

short 

wet/warm  versus  dry/cold 

Xalapa 

I9°30'N,  96°53'W 

1000  m 

short 

wet/warm  versus  dry/cold 

Sayula  de  Aleman 

17°52'N,  94°59'W 

80  m 

long 

wet/warm  versus  dry/warm 

Tolosita 

17°12'N,  95°2'W 

50  m 

long 

wet/warm  versus  dry/warm 

Nephila  clavipes  natural  history. — Nephila  is  a relatively 
small  genus  of  pantropical  orb-weaving  spiders  (Kuntner  et  al. 

2008) .  Extreme  sexual  size  dimorphism  due  to  the  evolution  of 
female  gigantism  is  ancestral  to  the  genus  (Kuntner  & 
Coddington  2009).  There  is  a great  deal  of  variation  among 
species  in  mean  size  and  variation  in  size  (Higgins  et  al.  in 
press),  and  male  size  and  female  size  are  evolving  indepen- 
dently (Kuntner  & Coddington  2009).  The  source  populations 
for  the  laboratory  experiments  are  all  assumed  to  be 
univoltine.  Spiders  reproduce  late  in  the  growing  season, 
females  laying  up  to  five  egg  sacs  on  or  under  leaves.  All 
surviving  females  die  with  the  onset  of  drought  or  winter 
conditions  (Higgins  2000),  and  late  females  may  fail  to 
copulate  (Higgins  1989)  or  may  not  have  time  to  produce  an 
egg  sac  (Higgins  2000).  The  spiderlings  hatch  and  molt  within 
the  egg  sac,  and  over-winter  as  first  or  second  instars. 
Emergence  is  triggered  in  the  field  by  unknown  cues,  likely  a 
combination  of  warmth  and  moisture  in  most  habitats. 

Nephila  clavipes  has  determinant  growth,  and  no  molts 
follow  maturation.  Males  in  the  penultimate  instar  can  be 
identified  due  to  swelling  of  their  pedipalps,  but  prior  to  that 
point  they  cannot  be  distinguished  from  juvenile  females.  All 
but  two  males  in  these  experiments  had  entered  the 
penultimate  stage  by  the  eighth  instar  (two  delayed  to  the 
ninth  instar),  so  we  assume  that  all  eighth  instar  spiders 
lacking  pedipalp  swelling  are  females.  The  dark,  heavily 
sclerotized  epigynal  plate  near  the  genital  opening  indicates 
female  maturity. 

We  collected  mature,  gravid  females  in  the  fall  of  2006  from 
six  Mexican  populations  (Table  1;  voucher  specimens  housed 
at  the  National  Museum  of  Natural  History,  Smithsonian 
Institution).  These  sites  span  a range  of  environmental 
conditions,  and  represent  six  populations  with  low  levels  of 
gene  flow  (J.  Nunez  pers.  com.).  The  populations  chosen  for 
study  fall  into  three  pairs  of  similar  environmental  and  climate 
conditions;  lowland  tropics  (Nanciyaga,  Quihuitztlan),  mid- 
altitude temperate  tropics  (Xalapa,  Fortin)  and  lowland 
seasonally  dry  tropics  (Sayala,  Tolosita).  Xalapa  and  Fortin 
are  always  univoltine  (Higgins  2000;  P.  Berea  pers.  com.)  and 
Nanciyaga  is  usually  univoltine  (Higgins  2000).  Sayala  and 
Tolosita  we  believe  to  be  univoltine  due  to  the  climate 
similarity  between  these  sites  and  Chamela,  which  is  univoltine 
(Higgins  2000;  www.tutiempo.net/clima/  accessed  5 March 

2009) . 


Spider  rearing. — Mature  females  collected  in  the  late 
summer  were  maintained  in  the  laboratory  (ca  15%  RH, 
10:14  L:D,  ca  27°  C)  on  a diet  of  crickets  (fed  dog  food  and 
apples)  and  houseflies  (from  SpiderPharm.com;  maintained 
after  maturity  on  sugar  and  dry  milk  with  water  available 
from  a sponge).  We  kept  the  egg  sacs  laid  by  these  females 
under  the  same  conditions  until  hatching  and  first  molt 
(which  happens  inside  the  egg  sac).  They  were  then  moved 
to  “winter”  conditions  (10:14  L:D,  4°  C for  the  temperate 
populations  or  16°  C for  lowland  populations;  humidity 
maintained  by  damp  toweling  that  was  checked  bi-weekly) 
for  5-10  weeks  to  stagger  emergence  of  spiderlings.  Due  to 
the  logistical  difficulties  of  individually  feeding  spiderlings 
on  controlled  diets,  only  spiders  from  one  haphazardly  cho- 
sen egg  sac  from  each  population  were  included  in  these 
experiments. 

When  we  were  ready  to  add  additional  spiders  to  the 
experiment,  we  moved  an  egg  sac  into  warm  conditions 
(Percival  incubator,  75%  RH,  14:10  L:D,  27°  C).  Upon  the 
spiders’  emergence  and  molting  to  the  third  instar  [leg  1 tibia  + 
patella  (TPL)  ca  0.1  cm],  we  placed  spiderlings  into  individual 
boxes  (1 1 cm  wide  X 1 1 cm  high  X 4 cm  deep)  with  2.5  cm  or 
5.1  cm  chicken  wire  for  web  supports  and  randomly  assigned 
to  a diet  treatment  (Table  2).  We  increased  food  levels  by  50% 
when  spiders  molted  to  the  sixth  instar  because  prior  results 
indicated  that  juvenile  dietary  requirements  increase  greatly 
about  this  stage  of  development  (Higgins  & Goodnight  2010). 

As  the  spiders  grew,  we  moved  them  into  larger  boxes  to 
accommodate  their  larger  webs:  once  when  they  molted  to 
TPL  > 0.3  cm  (22  cm  wide  X 10  cm  high  X 10  cm  deep)  and 
again  when  they  molted  to  TPL  > 0.7  cm  (31  cm  wide  X 
23.5  cm  high  X 11  cm  deep,  Pioneer  plastics).  All  but  three 
males  reached  sexual  maturity  prior  to  TPL  = 0.6  cm.  To 
mimic  declining  day  length  in  natural  habitats,  all  spiders  were 
moved  to  short-day  conditions  (ll:13h  L:D)  in  a walk-in 
chamber  approximately  100  days  after  starting  the  experimen- 
tal treatment  (101  ±2  days).  Most  males  were  sexually  mature 
at  the  time  of  the  move.  Temperature  and  humidity  in  the 
walk-in  chamber  were  less  exactly  controlled,  but  averaged  24° 
C and  72%  RH. 

We  fed  all  spiders  twice  weekly,  at  which  time  we  recorded 
and  removed  all  uneaten  dead  flies  and  recorded  if  the  spider 
had  molted.  We  recorded  size  as  leg  I tibia-patella  length 
(TPL)  because  this  is  easily  and  reliably  measured  without 
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Table  2. — Feeding  regimes  for  spiders.  Weekly  food  levels  as  percent  of  spider  mass.  * Diet  determined  individually  based  on  post-molt  size  at 
each  instar,  t Size  ranges  overlap  because  spiders  on  lower  diets  sometimes  grew  less  per  molt,  and  qualitative  diet  shifts  were  established  by 
instar  not  by  size. 


Quantity  of  food  as  percent  spider  mass 


Instar(s) 

Size  range  (TPL,  cm)t 

L 

M 

H 

Diet  quality  (ratio  by  mass) 

3-5 

0.1-0.45 

35 

56 

84 

D.  melanogaster 

6* 

0.46-0.80 

56 

84 

126 

D.  mekmogastey.D.  virilis  (4:6) 

7* 

0.70-0.93 

56 

84 

126 

D.  v/>77/.v:houseflies  (3:7) 

8* 

0.8-I.2 

56 

84 

126 

D.  i’/n7/.v:housenies  (2:8) 

9*  and  subsequent 

0.9-1. 4 

56 

84 

126 

D.  v’/n7/.v:houseflies  (1:9) 

removing  spiders  from  their  webs  (Higgins  1992a).  In  addition 
to  measuring  the  spiders  using  Helios  ® needle-nosed  calipers 
(TPL  and  abdomen  length  and  abdomen  width),  we  retrieved 
the  shed  exoskeleton,  which  served  as  a physical  record  of  TPL 
of  the  prior  instar.  From  abdomen  length  and  width,  we 
calculated  abdominal  volume  as  a cylinder  and  then  used  this 
volume  and  TPL  to  estimate  spider  mass  after  each  molt 
[Higgins  1992a:  mass  (mg)  = 12  + 81  (TPL  cm^)  + 784 
(abdomen  volume  cc)].  The  size  of  hard  portions  of  the 
exoskeleton  does  not  change  between  molts  and  serves  as  a 
measure  of  size  at  each  instar. 

Weekly  food  availability  (number  of  prey)  was  calculated 
based  upon  the  mean  mass  of  each  prey  type:  D.  melanogaster 
(mean  mass  0.748  mg,  SD  = 0.110,  n = l\),  D.  virilLs  (mean 
mass  1.60  mg,  SD  = 0.239,  n = 15).  Since  the  addition  of  high- 
protein  dog-food  to  fly  media  increases  the  protein  content  of 
the  prey  and  the  survival  of  the  spiders  (Mayntz  et  al.  2003), 
all  prey  except  D.  virilis  were  reared  on  protein-supplemented 
diets.  (D.  virilis  cultures  grow  slowly,  and  the  addition  of  dog 
food  to  the  media  resulted  in  a high  frequency  of  mold 
overgrowth,  killing  the  culture.)  At  the  seventh  instar,  we 
added  commercially  reared  high-protein  house  flies  to  the  diets 
{Musca  domestica,  SpiderPharm  Inc;  mean  mass  = 11.65  mg, 
SD  = 2.077,  n — 10).  The  qualitative  shifts  were  necessary  for 
logistical  reasons.  If  we  had  fed  only  D.  melanogaster  through 
the  entire  development,  the  num.ber  of  flies  provided  in  later 
instars  would  have  numbered  in  the  hundreds  per  week  due  to 
the  large  size  of  the  juvenile  females.  Within  an  instar,  diet 
varied  quantitatively,  but  not  qualitatively,  across  treatment 
groups  (Table  2). 

Laboratory  versus  field  growth. — In  addition  to  testing  for  a 
priori  effects  of  diet  and  family  on  juvenile  developmental 


Table  3. — ANOVAs  of  female  size  and  age  at  the  ninth  instar 
(log  transformed). 


Source 

df 

SS 

F 

P 

Size  (In  TPL) 

family 

5 

0.1478 

2.6543 

0.030 

diet 

2 

0.5960 

26.76 

< 0.0001 

family  * diet 

10 

0.2376 

2.133 

0.033 

error 

70 

0.7797 

Age  (In  days) 

family 

5 

0.4158 

5.223 

0.0004 

diet 

2 

1.686 

52.96 

< 0.0001 

family  * diet 

10 

0.3180 

1.997 

0.0465 

error 

70 

1.1144 

trajectories  in  the  laboratory,  we  also  tested  whether  juvenile 
growth  in  the  laboratory  was  statistically  distinct  from  juvenile 
growth  in  the  field.  Published  records  of  growth  per  molt  and 
intennolt  duration  serve  as  benchmarks  (Higgins  1992a,  1993). 
Because  the  source  populations  for  this  laboratory  experiment 
are  not  identical  to  those  studied  in  the  field,  we  took  the  mean 
slope  of  the  growth  per  molt  (Higgins  1993:  Table  3)  as  the 
benchmark.  The  Mexican  field  studies  did  not  include 
measurement  of  intennolt  duration,  but  prior  studies  pro- 
duced no  detectable  differences  among  sites  as  different  as 
Texas  and  Panama,  so  we  used  regression  of  intermolt 
duration  against  spider  size  Higgins  (1992a:  Fig.  2)  as  the 
benchmark  for  intermolt  duration  for  the  laboratory. 

We  calculated  an  expected  value  of  size  as  a function  of 
premolt  size  and  intermolt  duration  as  a function  of  current 
spider  size.  We  calculated  expected  spider  size  as  TPLpos,moit  = 
0.0567  + 1.263*  TPLprcmoit-  We  calculated  expected  instar 
duration  as  days  intermolt  = 7.18  + 8.56  (TPL).  We  then 
subtracted  the  expected  from  the  observed  and  examined  the 
distribution  of  the  residuals  as  functions  of  family,  diet,  and 
instar. 

Field  censuses  of  prey  capture. — In  1989-1990,  LH  worked 
in  seven  Mexican  sites,  including  two  of  the  sites  from  which 
these  spiders  were  collected  (Higgins  2000):  Nanciyaga  and 
Fortin  de  las  Flores.  The  field  studies  included  trap-line 
censuses  of  prey-capture  success  (Higgins  & Buskirk  1992; 
Higgins  1993).  The  published  analyses  consider  only  median 
prey  size  and  mean  prey  capture  rates.  To  describe  the 
foraging  success  of  spiders  in  nature  more  fully,  we  here 
present  an  analysis  of  size  distribution  of  prey,  total  prey  mass 
captured  as  a function  of  spider  size,  and  the  likelihood  of 
capture  of  different  amounts  of  prey  by  spiders  larger  than 
TPL  = 0.5  cm  across  all  seven  populations. 

Size,  age  and  instar  at  sexual  maturity. — Female  N.  clavipes 
have  heavily  sclerotized  epigynal  plates  allowing  us  to 
recognize  when  an  individual  molted  to  sexual  maturity.  We 
compared  age,  size,  and  instar  at  sexual  maturity  across  all 
mature  females  on  all  diets  to  test  for  significant  variation  due 
to  family.  We  compared  across  diets  to  test  whether  spiders 
with  reduced  diets  take  longer  in  each  instar  and  therefore 
mature  at  a greater  age  (in  days)  but  earlier  instar  (smaller 
size)  relative  to  those  on  higher  diets,  thus  avoiding  end-of- 
season  penalties  detected  in  prior  field  studies  (Higgins  2000). 

Statistical  analyses. — All  statistical  analyses  were  done  in 
JMP  (Version  7.0.2).  Preliminary  analyses  of  the  distribution 
of  age  (time  since  initiation  of  treatment),  instar  duration  and 
size  (TPL)  indicated  that  natural  log  transformation  was 
necessary  for  normal  distribution  of  developmental  data;  size 
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Low  Medium  High 

Diet 

Figure  1. — Norm  of  reaction  response  to  diet  by  age  (days)  and 
size  (TPL)  at  which  females  reach  the  ninth  instar  (six  instars  of 
experimental  treatment).  Fortin  females  are  significantly  different 
from  the  other  populations,  driving  a significant  population  x diet 
interaction. 

data  were  transformed  to  mm  prior  to  log-transformation. 
However,  in  the  comparison  of  field  and  laboratory  data,  we 
found  that  the  residuals  of  observed  minus  expected  were 
normally  distributed  and  hence  required  no  transformation. 

RESULTS 

Developmental  response  to  diet. — A total  of  190  spiders 
molted  to  the  fourth  instar,  and  most  spiders  survived  to  the 
ninth  instar  (at  which  time  all  but  three  males  had  reached 
sexual  maturity),  allowing  us  to  test  for  diet  effects  on 
development  in  known  females  (discarding  data  from  individ- 
uals that  died  prior  to  the  eighth  instar).  The  diets  significantly 
altered  developmental  trajectories  of  older  juvenile  females. 

If,  as  we  suspect,  juvenile  females  are  accelerating  their 
growth  rates  in  later  instars  to  both  reduce  developmental 
asynchrony  with  males  and  to  reduce  risk  of  maturing  late 
relative  to  the  end  of  the  season  (Higgins  2000),  we  expected  to 
find  that  spiders  on  low  diets  sacrifice  growth  per  molt  to  pass 
through  instars  more  quickly  or  to  shorten  their  development 


by  reducing  the  number  of  juvenile  instars.  We  tested  these 
predictions  separately. 

To  test  for  cumulative  changes  in  intermolt  duration  and 
growth  per  molt  among  spiders  reared  on  different  diets,  we 
ran  a MANOVA  (multivariate  analysis  of  variance)  testing 
developmental  differences  in  age  and  size  at  the  ninth  instar 
with  diet  and  family  as  independent  variables.  We  ran  this 
analysis  using  data  from  spiders  in  the  ninth  instar  (six 
experimental  instars)  because  of  high  female  mortality  on  low 
and  medium  food  levels  after  this  stage  and  because  at  this 
stage  all  males  were  identified  and  could  be  excluded.  A total 
of  88  females  reached  the  ninth  instar.  The  fully-factoral 
MANOVA  of  In  (TPL)  and  In  (total  time  to  ninth  instar)  was 
highly  significant  for  both  factors  and  the  interaction  (Fig.  3, 
whole  model:  Roy’s  Maximum  Root  (RMR)  = 3.53, 
approximate  F = 14.51,  df  = \1,  P < 0.001;  family:  RMR 
= 0.458,  df  - 5,  R < 0.001;  diet:  RMR  = 2.752,  df  = 2, 
P < 0.001;  family  * diet:  RMR  = 0.353,  df  = 10,  R = 0.0134). 

Spiders  on  lower  diets  were  smaller  and  reached  the  ninth 
instar  later  than  spiders  on  the  high  diets.  Examination  of  the 
E and  H matrices  showed  that  spiders  from  some  families  took 
longer  to  reach  the  ninth  instar  and  were  smaller  when  they 
did.  Most  interestingly,  the  interaction  of  family  and  diet 
reflects  the  fact  that  spiders  from  families  that  took  less  time  to 
reach  the  ninth  instar  were  more  uniform  in  size  across  diets. 
Examination  of  the  norm-of-reaction  curves  for  each  devel- 
opmental parameter  across  all  families  (ANOVA,  Table  3) 
shows  that  Fortin  responded  to  diet  with  less  change  in  time 
and  great  difference  in  size  at  the  ninth  instar  (Fig.  1),  and 
spiders  from  this  family  are  presumably  responsible  for  the 
significant  interaction  effects.  We  emphasize  that  because  we 
only  used  one  egg  sac  per  family,  we  cannot  know  whether  the 
unique  developmental  response  by  Fortin  females  represents  a 
general  characteristic  of  this  population,  or  instead  occurred 
because  the  particular  family  from  Fortin  was  unusual. 

The  analysis  of  females  at  one  single  instar  obscures  changes 
that  may  take  place  as  the  spiders  develop.  To  test  for 
differences  among  families  in  the  developmental  responses  to 
diet,  we  ran  separate  fully  factorial  ANCOVA  with  instar 
number  (developmental  stage)  as  the  covariate,  testing  for 
developmental  changes  in  instar  duration  and  growth  in  TPL 
at  each  molt.  As  discussed  in  depth  elsewhere  (L.  Higgins  & C. 
Goodnight  in  prep.),  we  recognize  that  these  analyses  violate 
the  assumption  of  independence  of  measures,  since  instar 
should  be  treated  as  a nested  factor  within  individual. 
However,  if  instar  is  nested  within  individual,  we  cannot  test 
for  developmental  effects  of  family  and  diet  (detected  as 
interaction  between  instar  and  the  factor  of  interest),  because 
each  individual  has  only  one  family  and  diet  assignment. 
Repeated  measures  ANOVA  is  also  not  permitted  because 
developmental  data  are  serially  correlated,  as  demonstrated 
by  the  significant  effect  of  instar  number,  and  this  violates 
the  assumption  of  equal  correlations  between  all  pairs  of 
observations.  We  therefore  use  instar  as  an  independent 
cofactor  as  a compromise  analysis. 

Instar  duration  increases  in  later  instars  and  is  generally 
longer  in  spiders  fed  lower  diets  (Fig.  3).  However,  families 
varied  significantly  in  their  response  to  diet  (family*diet)  and 
in  the  rate  at  which  instar  duration  increased  (family *instar) 
(Table  4a).  The  rate  of  increase  in  instar  duration  was  reduced 
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Figure  2. — Mean  age  (days,  ± SE)  of  females  at  the  molt  to  each  instar,  by  diet  (long  dash:  high;  solid  line:  medium;  short  dash:  low).  Absence 
of  error  bar  indicates  a single  surviving  individual. 


in  well-fed  spiders:  spiders  on  low  diets  showed  the  greatest 
increase  in  instar  duration  as  they  passed  through  successive 
instars  (diet*instar  in  Table  4a).  The  families  did  not  differ 
significantly  in  how  instar  duration  interacted  with  diet  over 
the  developmental  trajectory  (insignificant  three-way  interac- 
tion). To  better  understand  how  instar  duration  changes  over 
development  within  each  family,  we  present  the  regression 
equation  for  each  family-diet  combination  in  Table  5. 


Figure  3 shows  that  these  females  increased  in  size  with 
successive  molts  on  all  diets  (compared  to  some  arthropods 
where  reduced  diets  result  in  molts  without  growth  or  even 
negative  growth;  Higgins  and  Rankin  1996).  Compared  to 
instar  duration,  the  change  in  size  at  each  molt  responded  less 
to  the  different  experimental  variables  (Table  4b).  Over  all 
families,  the  change  in  TPL  at  each  molt  [calculated  as  In 
(premolt  TPL  - postmolt  TPL,  cm)]  increased  slightly  but 
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Figure  3. — Mean  size  (TPL,  cm,  ± SE)  of  females  in  each  instar,  by  diet  (long  dash:  high;  solid  line:  medium;  short  dash:  low).  Absence  of 
error  bar  indicates  a single  surviving  individual. 


significantly  with  successive  molts.  The  rate  of  increase  was 
unaffected  by  diet  (no  instar  * diet  effects).  The  significant 
effect  of  diet  reflects  differences  in  the  intercept  of  the 
regression  lines.  Across  all  instars,  diets,  and  families,  growth 
per  molt  averaged  0.126  cm  (n  = 584  molts,  SD  = 0.062). 

Growth  in  the  laboratory  versus  in  the  field. — Extensive  field 
data  exist  that  describe  growth  of  N.  clavipes  in  Panama, 
various  populations  in  Mexico,  and  Texas  (Higgins  1992a, 


1993).  We  used  these  observations  to  test  whether  the 
laboratory  conditions  produced  normal  development.  AN- 
COVA  showed  that  spiders  were  smaller  at  each  instar 
compared  to  the  field,  and  this  difference  increased  as  spiders 
grew  (significant  effect  of  instar:  Table  6a).  The  deviation 
from  field  observations  was  less  in  the  spiders  fed  high  diets 
than  those  fed  medium  or  low  diets  [diet  effect:  Student’s  /-test 
of  LS  mean  differences  = 1.96,  P = 0.05;  mean  (SE) 
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Table  4. — ANCOVA  of  development  across  instars  as  a function 
of  family  and  diet. 


a.  Instar  duration  (days,  log  transformed). 

Source 

df 

SS 

F 

P 

family 

5 

1.015 

1.392 

0.225 

diet 

2 

16.01 

54.92 

< 0.0001 

family*diet 

10 

3.021 

2.072 

0.0250 

instar 

1 

51.09 

350.5 

< 0.0001 

family*instar 

5 

3.41 1 

4.680 

0.0003 

diet*instar 

2 

0.908 

3.114 

0.045 

family*diet*instar 

10 

2.231 

1.530 

0.125 

error 

553 

80.61 

b.  Change 

in  size  at  each  molt  (log  transformed) 

Source 

df 

SS 

F 

P 

family 

5 

1 .238 

1.82 

0.107 

diet 

2 

7.652 

28.16 

< 0.0001 

family*diet 

10 

1.553 

1.143 

0.327 

instar 

1 

40.11 

295.3 

< 0.0001 

family*instar 

5 

0.203 

0.3000 

0.9137 

diet*instar 

2 

0.764 

2.811 

0.061 

family*diet*instar 

10 

1.272 

0.936 

0.500 

error 

546 

74.17 

deviations:  high  ( 

diet  = - 

0.034  (0.003);  medium  diet  = 

-0.0397  (0.0035); 

low  diet 

= —0.0469  (0.0040)],  but  was 

unaffected  by  family.  The  three-way  significant  interaction  of 
family,  diet,  and  instar  reflects  that  the  Fortin  spiders  fed  on 
low  diets  deviated  more  from  the  field  observations  than  the 
other  families.  Similar  ANCOVA  analysis  showed  that  the 
duration  of  each  instar  was  longer  in  the  laboratory  compared 
to  the  field,  the  deviation  increased  as  the  spiders  grew,  and 
was  affected  by  family  and  diet  in  complex  fashion:  all 
interactions  except  the  three-way  interaction  were  significant 
(Table  6b). 

Table  5. — Instar  duration  increases  in  later  instars  (log  trans- 


formed  days  between  molts).  * P 

< 0.05;  **  P<  O.OI  ***  P < 0.001. 

Family/ 

location 

Diet 

Intercept 

Slope 

F(df) 

Fortin 

High 

2.095 

0.215 

0.658 

78.97***  (1,  41) 

Med 

1.858 

0.307 

0.646 

27.31***  (1,  15) 

Low 

2.469 

0.165 

0.227 

4.984*  (1,  17) 

Xalapa 

High 

2.667 

0.050 

0.095 

5.142*  (1,  49) 

Med 

2.393 

0.138 

0.424 

16.21***  (1,  22) 

Low 

2.557 

0.159 

0.426 

24.44***  (1,  33) 

Nanciyaga 

High 

2.192 

0.158 

0.468 

50.183***  (1,57) 

Med 

2.681 

0.131 

0.258 

8.351  **  (I,  24) 

Low 

2.504 

0.228 

0.525 

34.78***  (1,  29) 

Quihuitztlan 

High 

2.402 

0.108 

0.253 

16.90***  (1,  50) 

Med 

2.523 

0.120 

0.240 

8.818**  (1,  28) 

Low 

2.875 

0.129 

0.233 

5.165*  (1,  17) 

Sayala 

High 

2.295 

0.131 

0.391 

35.91***  (1,  56) 

Med 

2.513 

0.114 

0.421 

21.80***  (1,  30) 

Low 

2.391 

0.260 

0.550 

43.93***  (1,  36) 

Tolosita 

High 

1.955 

0.223 

0.672 

30.72***  (1,15) 

Med 

2.119 

0.233 

0.519 

25.85***  (1,  24) 

Low 

2.228 

0.266 

0.592 

14.53**  (1,  10) 

0 1-19  20-39  >40 

size  prey  captured/12  h 


Figure  4. — Total  daily  prey  (A)  offered  in  the  laboratory  (black  - 
low,  white  - medium,  grey  - high)  and  (B)  captured  in  the  field  as  a 
function  of  spider  size.  (C)  For  spiders  of  TPL  > 1.0  cm,  there  is  low 
frequency  of  capture  of  large  prey  in  each  21 -day  instar. 

Size  and  age  at  sexual  maturity. — Since  instar  duration 
responded  more  than  growth  per  molt  to  diet  and  family 
effects,  we  expected  that  diet  and  possibly  family  would  have 
significant  effects  on  the  total  number  of  instars  and  thus  on 
final  size  at  maturity.  Slowly  growing  spiders  on  lower  diets 
would  curtail  their  development  at  an  earlier  instar.  However, 
we  cannot  test  for  family  effects  because  only  25  females 
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Table  6. — ANCOVA  comparisons  of  residuals  of  field  versus 
laboratory  growth,  as  measured  by  a)  size  and  b)  duration  of  Nep/iilci 
instars. 


a)  Size  at  each  instar  as 

a function  of  instar  number 

Source 

df 

SS 

F 

P 

family 

5 

0.00545 

0.6033 

0.697 

diet 

2 

0.0234 

6.471 

0.002 

family*diet 

10 

0.00827 

0.4583 

0.9167 

instar 

1 

0.1532 

84.86 

< 0.0001 

family*instar 

5 

0.00391 

0.4339 

0.8250 

diet*instar 

2 

0.00507 

1.406 

0.2459 

family*diet*instar 

10 

0.03665 

2.030 

0.0286 

error 

539 

0.973 

b)  Duration  of  each  instar  as  a function  of  instar  number. 

Source 

4f 

SS 

F 

P 

family 

5 

0.6167 

2.288 

0.0451 

diet 

2 

6.328 

58.69 

< 0.0001 

family*diet 

10 

1.317 

2.443 

0.0076 

instar 

1 

5.256 

97.49 

< 0.0001 

family*instar 

5 

1.096 

4.066 

0.0013 

diet*instar 

2 

0.4279 

3.968 

0.0196 

family*diet*instar 

10 

0.3897 

0.7227 

0.703 

error 

456 

24.59 

reached  sexual  maturity.  Survivors  are  distributed  across  all 
family  groups.  Survival  of  high-diet  individuals  would  have 
been  greater  but  the  humidifier  in  the  walk-in  chamber  ceased 
running  for  nearly  a week,  and  the  resultant  low  humidity 
resulted  in  15%  mortality  of  the  high-diet  Xalapa  females  and 
nearly  40%  mortality  of  the  high-  and  medium-diet  Quihuit- 
zlan  females.  Interestingly,  most  of  the  small  juveniles  on  low 
diets  in  the  room  survived,  suggesting  that  low  humidity,  like 
low  food  availability,  may  have  a disproportional  impact  on 
large  juvenile  females.  With  few  individuals  from  each  family 
and  only  slight  developmental  differences  among  families 
(none  in  growth/molt),  we  pooled  across  family  to  test  for 
effects  of  diet  on  the  size  and  age  at  maturity. 

Both  size  and  age  at  maturity  were  significantly  altered  by 
diet  (MANOVA  of  log-transformed  TPL  and  age  (days  since 
initiation  of  experiment);  Roy’s  Maximum  Root  =1.808, 
approximate  F^2,  22)  - 19.89,  P < 0.001).  A posteriori  contrast 
determined  that  there  was  no  significant  effect  of  diet  in  the 
comparison  of  spiders  fed  high  or  medium  food  levels. 
Separate  ANOVA  confirmed  that  spiders  fed  high  or  medium 
diets  matured  significantly  earlier  (F(2,  22)  = 9.29,  P = 0.001) 
and  at  a larger  size  (F(2,  24)  = 7.18,  P = 0.004)  (Table  7).  At 
least  within  the  limitations  of  this  small  sample,  the  number  of 
juvenile  instars  was  not  determined  by  juvenile  diet  (ANOVA; 
-^(2,  22)  = 0-185  , P = 0.83;  a power  test  shows  8%  chance  of 
failure  to  detect  a significant  difference).  Thus,  size  variation 


among  dietary  groups  must  be  due  to  the  cumulative  effects 
of  differences  in  growth  at  each  molt.  Individuals  reached 
sexual  maturity  in  either  the  11th  or  12th  instar,  and  both 
developmental  pathways  were  represented  in  all  three  diet 
treatments  (a  non-independent  test  for  effect  of  instar  number 
on  size  at  maturity  showed  no  significant  difference;  F(i,  23)  = 
1.3,  P > 0.3).  Importantly,  the  size  of  these  mature  females 
falls  within  but  at  the  lower  end  of  the  range  observed  in  the 
field  in  Mexico  (Higgins  2000). 

Realism  of  diet  levels. — Compared  to  spiders  observed  in  the 
field,  those  in  the  laboratory  had  longer  intermolts,  lower 
growth  per  molt,  and  smaller  size  at  maturity.  Together,  these 
data  suggest  that  even  the  high  laboratory  diets  may  be  lower 
than  the  field.  However,  comparison  to  the  field  shows  this  is 
not  the  case.  Comparing  the  mass  of  prey  offered  in  the 
laboratory  to  observations  from  Mexican  field  studies,  we 
found  that  the  three  feeding  regimes  for  spiders  smaller  than 
0.7  cm  TPL  were  within  the  range  of  daily  prey  capture 
observed  in  the  field,  and  the  low  and  medium  diets  stayed 
within  that  range  over  all  sizes  of  spider  (Fig.  4A,  B).  The 
highest  feeding  regime  was  actually  higher  than  most  field 
observations  for  larger  juveniles. 

However,  in  the  field,  spiders  capturing  large  masses  of  prey 
in  a single  day  (>  50  mg:  Fig.  4B)  have  captured  rare,  large  prey 
items  rather  than  many  small  items.  Using  the  field  data,  we 
estimated  the  per-instar  likelihood  of  capture  of  prey  of 
different  sizes  using  the  average  instar  duration  of  large  juvenile 
females  in  the  field  (21  days;  Higgins  1992a).  On  average,  a large 
juvenile  female  will  only  have  a 50%  chance  of  capturing  one 
large  insect  during  each  instar  (Fig.  2C)  - in  half  of  the  larger 
instars,  spiders  fail  to  capture  even  one  large  insect.  There  is  a 
1.6%  chance  that  any  given  spider  will  fail  to  capture  any  prey 
item  larger  than  10  mg  in  any  given  21 -day  instar. 

DISCUSSION 

Developmental  responses  to  differences  in  food  quality, 
foraging  success,  and  climate  are  ubiquitous  and  diverse 
among  arthropods  (reviewed  in  West-Eberhard  2003).  Nephila 
clavipes  females  reared  in  the  laboratory  showed  strong 
developmental  responses  to  juvenile  diets  experienced,  but 
contrary  to  our  expectations,  these  responses  did  not  include 
changes  in  the  number  of  juvenile  instars.  Importantly,  the  size 
at  maturity  among  these  laboratory-reared  spiders  falls  at  the 
lower  end  of  the  range  observed  in  the  field.  We  propose  that 
our  high  dietary  treatment  is  actually  the  minimum  at  which 
females  can  reach  sexual  maturity,  and  that  these  needs  are 
met  in  the  field  by  the  rare  capture  of  very  large  insects. 

As  described  by  Higgins  & Rankin  (1996),  arthropod  post- 
embryonic  development  can  be  described  by  three  parameters: 
intermolt  duration,  growth  per  molt,  and  number  of  juvenile 
instars.  Combined  with  prior  field  data,  our  results  suggest  that 
in  N.  clavipes,  these  developmental  parameters  differ  in  their 
plasticity  and  respond  to  different  aspects  of  prey  capture. 


Table  7. — Female  size,  instar,  and  age  at  sexual  maturity  in  each  diet  group,  pooled  across  families. 


Diet  n Mean  TPL,  cm  (SD)  Mean  age,  days  (SD)  Mean  instar  (SD) 

High  18  1.29  (0.1623)  177.6  (29.22)  11.6  (0.502) 

Medium  2 1.23(0.0424)  204  (-)  11.5  (0.707) 

Low  4 1.020  (0.0753)  259.3  (53.18)  11.8  (0.500) 
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Intermolt  duration  is  far  more  variable  than  growth  per 
molt  in  the  field  and  in  the  laboratory.  The  experimental  data 
we  report  here  support  previous  hypotheses  concerning 
the  interrelationships  between  growth  per  molt  and  instar 
duration.  Because  change  in  size  at  each  molt  is  closely 
correlated  with  premolt  mass  (Higgins  1992a),  and  growth  per 
molt  is  relatively  inflexible  (see  below  and  Higgins  1992a, 
1993),  Higgins  (1992a)  hypothesized  that  spiders  with  low 
prey-capture  success  experienced  extended  intermolt  duration 
as  they  “waited”  to  accumulate  necessary  body  mass  for  the 
next  molt. 

We  did  detect  significant  effects  of  diet  on  growth  per  molt; 
the  spiders  fed  the  lowest  diets  in  the  laboratory  did  show 
reduced  growth  per  molt  in  each  instar.  In  the  laboratory,  the 
lowest  prey  capture  rates  were  at  the  low  end  of  mean  prey 
capture  observed  in  the  field.  We  suspect  that  spiders 
capturing  such  low  amounts  of  food  in  the  field  fail  to  survive 
because  of  increased  exposure  to  predators.  Predation  is  very 
high  on  small  and  medium-sized  juveniles  (Higgins  1992b), 
and  extending  the  intermolt  period  extends  this  period  of 
vulnerability.  Only  in  the  laboratory  could  we  observe 
plasticity  in  this  developmental  parameter.  Such  plasticity 
may  be  considered  nonadaptive  (sensu  Ghalambor  et  al.  2007) 
in  that  it  is  a physiological  response  to  environmental  stress 
rather  than  an  adaptive  response  to  environmental  variation. 

As  growth  per  molt  varies  little  in  field  populations  of  N. 
clavipes  (Higgins  1992a,  1993),  the  large  amounts  of  variation 
in  adult  female  size  are  necessarily  due  to  differences  in  instar 
number  (Higgins  & Rankin  1996).  However,  we  were  unable 
to  elicit  variation  in  instar  number  in  this  experiment. 
Therefore,  the  observed  variation  in  size  at  maturity  among 
females  fed  different  amounts  of  prey  reflects  accumulated 
differences  in  the  growth  per  molt.  Importantly,  maturing 
females  were  at  the  low  end  of  the  range  of  sizes  observed  in 
the  field.  The  laboratory  mean  female  TPL  of  1.2  cm  is 
roughly  one  instar  smaller  than  the  mean  of  1.8  cm  TPL  and 
two  instars  smaller  than  the  largest  spiders  observed  in  the 
lowland  tropical  populations  in  Mexico  (Higgins  2000).  In 
contrast,  males  in  this  experiment  matured  at  sizes  that  span 
the  range  observed  in  the  field  (L.  Higgins  & C.  Goodnight 
pers.  obs.).  This  is  consistent  with  the  idea  that  the  variation  in 
female  size  observed  in  the  field  reflects  variation  not  in  the 
baseline  prey  capture  rates  experienced  by  each  individual 
(which  is  equivalent  to  food  quantities  in  the  laboratory),  but 
rather  variation  in  the  rare  capture  of  large  insects. 

We  recognize  that  very  few  females  reached  sexual  maturity 
in  the  laboratory;  only  28%  of  the  spiders  that  reached  the 
ninth  instar  successfully  matured,  reflecting  very  high  mortal- 
ity in  late  instars  on  the  low  and  medium  diets  (L.  Higgins  & 
C.  Goodnight  pers.  obs.).  We  do  not  believe  that  this  mortality 
reflects  a qualitative  nutritional  deficit  for  several  reasons. 
First,  the  diets  we  used  fall  within  the  range  of  mean  prey- 
capture  rates  observed  among  the  diverse  Mexican  popula- 
tions (Higgins  2000)  and  match  the  feeding  regimes  that  result 
in  normal  intermolt  durations  for  small  juveniles  (Higgins  & 
Rankin  2001).  Second,  protein-enhanced  flies  have  been  used 
successfully  to  rear  a wide  range  of  spiders  including  orb- 
weavers  (e.g.,  Mayntz  et  al.  2003;  G.W.  Uetz  pers.  com.;  C. 
Kristensen  pers.  com.)  and  male  N.  clavipes  (L.  Higgins  & C. 
Goodnight  pers.  obs.).  We  have  no  reason  to  believe  that 


juvenile  N.  clavipes  females  have  distinct  nutritional  require- 
ments from  other  orb  weavers  or  from  males  of  their  own 
species. 

We  propose  that  although  our  laboratory  diets  fall  within 
the  range  of  observed  mean  prey-capture  rates,  they  fail  to 
mimic  a different  kind  of  variation,  the  rare  capture  of  large 
insects  (Vernier  & Casas  2005).  Reanalysis  of  prior  field  data 
shows  that  capture  of  large  insects  is  more  irregular  than 
previously  appreciated.  In  addition  to  the  mean  biomass  of 
prey  (reported  in  Higgins  2000),  larger  juvenile  and  mature 
female  spiders  have  a 50%  chance  of  capturing  one 
exceedingly  large  prey  item  per  instar.  We  postulate  that  the 
capture  of  rare  large  prey  is  vital  for  successful  female 
maturation  in  this  species.  Thus,  variation  in  adult  female  size, 
determined  primarily  by  variation  in  instar  number,  refiects 
variation  in  the  rate  of  capture  of  large  insects  rather  than 
simply  variation  in  mean  prey  capture  rate.  As  pointed  out  by 
Blackledge  (201 1),  this  may  be  a general  phenomenon  of  orb- 
weaving spiders  and  requires  a different  approach  to  field  and 
laboratory  investigations  of  foraging  and  diet-dependent 
development  and  reproduction. 

Based  upon  this  hypothesis,  we  predict  that  the  largest 
females  in  each  population  are  adding  juvenile  instars  (Esperk 
et  al.  2007)  and  reaching  large  size  because  they  inhabit  good 
microhabitats,  defined  as  those  with  high  frequency  of  rare, 
large  insects.  Although  diet-dependent  variation  in  number  of 
instars  has  been  seen  in  other  spiders  [e.g.,  Mayntz  et  al.  2003 
in  the  orb-weaver  Zygiella  x-notata  (Clerck  1757)],  it  is  by  no 
means  universal  [e.g.,  Jespersen  & Toft  2003  in  the  wolf  spider 
Pardosa  pralivaga  (L.  Koch  1870)].  Some  spiders,  particularly 
smaller  species,  may  have  canalized  their  number  of  juvenile 
instars  (e.g.,  Uhl  et  al.  2004).  It  is  noteworthy  that  none  of 
these  species  achieve  size  or  mass  approaching  that  of  mature 
female  Nepliila,  and  that  the  numbers  of  juvenile  instars  are 
roughly  half  of  that  observed  for  females  in  the  current  study. 

It  has  been  proposed  that  most  arthropod  predators 
experience  food  limitation  most  of  the  time  (Ward  & Lubin 
1993;  Bilde  & Toft  1998;  Kreiter  & Wise  2001 ).  However,  these 
studies  involved  much  smaller  species  and  emphasized  female 
fecundity  and  the  likelihood  of  reproduction  rather  than 
juvenile  survival  and  development.  Moreover,  in  most  cases, 
the  females  were  required  to  capture  only  a single  large  prey 
in  order  to  reproduce  successfully.  The  increasingly  strong 
response  to  diet  with  higher  instar  number  found  in  the 
current  study  may  reflect  the  increasing  metabolic  needs  of 
these  giant  females,  particularly  in  populations  with  short  time 
horizons  relative  to  the  total  developmental  time.  An 
analogous  dependence  on  rare,  large  prey  has  been  found 
for  penultimate  and  adult  females  of  other  spiders  with  female 
gigantism  (LeGrand  & Morse  2000;  Moya-Laraho  et  al.  2003; 
Venner  & Casas  2005).  The  fecundity  advantage  of  female 
gigantism  thus  may  come  at  the  cost  of  increasing  dependence 
upon  repeated  success  at  achieving  a rare  event,  the  regular 
capture  of  very  large  prey. 

ACKNOWLEDGMENTS 

This  work  would  not  have  been  possible  without  the  efforts 
of  a large  number  of  people.  Juan  Nuiiez  Farfan  and  Jesus 
Vargas  (Universidad  Nacional  Autonoma  de  Mexico)  and 
Pablo  Berea  facilitated  collecting  in  Mexico,  which  was  done 


THE  JOURNAL  OF  ARACHNOLOGY 


by  Laura  Hill  and  Lauren  Gauthier  (permit  FLO  0014).  Spider 
rearing  in  Vermont  was  accomplished  in  large  part  through 
the  efforts  of  undergraduate  volunteers  Ashley  Couture,  Ariel 
GallentBernstein*,  Lauren  Gauthier*,  Jon  Hulce,  Donald 
Kraft,  Laina  Lomina,  Brian  Mulcahy,  Ryan  Ofsthun,  Cathe- 
rine Oliver,  Cynthia  Quell,  Jeff  Schles,  Abby  Strauss,  Rachel 
Taylor,  and  Sarah  Wanamaker*  (*  two  or  more  years).  The 
research  was  supported  in  part  by  NSF  Grant  No.  0233440 
to  LEH. 

LITERATURE  CITED 

Berner,  D.  & W.U.  Blanckenhorn.  2006.  Grasshopper  ontogeny  in 
relation  to  time  constraints:  adaptive  divergence  and  stasis.  Journal 
of  Animal  Ecology  75:130-139. 

Berner,  D.  & W.U.  Blanckenhorn.  2007.  An  ontogenetic  perspective 
on  the  relationship  between  age  and  size  at  maturity.  Functional 
Ecology  21:505-512. 

Bilde,  T.  & S.  Toft.  1998.  Quantifying  food  limitation  of  arthropod 
predators  in  the  field.  Oecologia  115:54—58. 

Blackledge,  T.A.  2011.  Prey  capture  in  orb  weaving  spiders:  are  we 
using  the  best  metric?  Journal  of  Arachnology  39:205-210. 
Calabrese,  J.M.,  L.  Ries,  S.F.  Matter,  D.M.  Debinski,  R.N.  Auck- 
land, J.  Roland  & W.F.  Fagan.  2008.  Reproductive  asynchrony 
in  natural  butterfly  populations  and  its  consequences  for  female 
matelessness.  Journal  of  Animal  Ecology  77:746-756. 

Darwin,  C.  1871.  The  Descent  of  Man,  and  Selection  in  Relation  to 
Sex.  John  Murray,  London. 

Esperk,  T.,  T.  Tammaru,  S.  Nylin  & T.  Teder.  2007.  Achieving  high 
sexual  size  dimorphism  in  insects:  females  add  instars.  Ecological 
Entomology  32:243-256. 

Fernandez-Montraveta,  C.  & J.  Moya-Larano.  2007.  Sex-specific 
plasticity  of  growth  and  maturation  size  in  a spider:  implications 
for  sexual  size  dimorphism.  Journal  of  Evolutionary  Biology 
20:1689-1699. 

Ghalambor,  C.K.,  J.K.  McKay,  S.P.  Carroll  & D.N.  Reznick.  2007. 
Adaptive  versus  non-adaptive  phenotypic  plasticity  and  the 
potential  for  contemporary  adaptation  in  new  environments. 
Functional  Ecology  21:394^07. 

Higgins,  L.E.  1989.  Effect  of  insemination  on  the  morphology  of  the 
internal  female  genitalia  of  the  spider  Nephila  clcivipes  (Araneae, 
Araneidae).  Annals  of  the  Entomological  Society  of  America 
82:748-753. 

Higgins,  L.E.  1992a.  Developmental  plasticity  and  fecundity  in  the 
orb-weaving  spider  Nephila  clcivipes.  Journal  of  Arachnology 
20:94-106. 

Higgins,  L.  1992b.  Developmental  changes  in  the  barrier  web 
structure  under  different  levels  of  predation  risk  in  Nephila  clavipes 
(Araneae:  Tetragnathidae).  Journal  of  Insect  Behavior  5:635-655. 
Higgins,  L.  1993.  Constraints  and  plasticity  in  the  development  of 
juvenile  Nephila  clavipes  in  Mexico.  Journal  of  Arachnology 
21:107-119. 


Higgins,  L.  2000.  The  interaction  of  season  length  and  development 
time  alters  size  at  maturity.  Oecologia  122:51-59. 

Higgins,  L.  2002.  Female  gigantism  in  a New  Guinea  population  of 
the  spider  Nephila  maciilata.  Oikos  99:377-385. 

Higgins,  L.  & R.E.  Buskirk.  1992.  A trap-building  predator  exhibits 
different  tactics  for  different  aspects  of  foraging  behaviour.  Animal 
Behaviour  44:485-499. 

Higgins,  L.  & C.  Goodnight.  2010.  Nephila  clavipes  females  have 
accelerating  dietary  requirements.  Journal  of  Arachnology 
38:150-152. 

Higgins,  L.E.  & M.A.  Rankin.  1996.  Different  pathways  in  arthropod 
postembryonic  development.  Evolution  50:573-582. 

Higgins,  L.E.  & M.A.  Rankin.  2001.  Mortality  risk  of  rapid  growth  in 
the  spider  Nephila  clavipes.  Functional  Ecology  15:24-28. 

Jespersen,  L.B.  & S.  Toft.  2003.  Compensatory  growth  following 
early  nutritional  stress  in  the  wolf  spider  Parclosa  prativaga. 
Functional  Ecology  17:737-746. 

Kreiter,  N.  & D.  Wise.  2001.  Prey  availability  limits  fecundity  and 
influences  the  movement  pattern  of  female  fishing  spiders. 
Oecologia  127:417^24. 

Kuntner,  M.  & J.A.  Coddington.  2009.  Discovery  of  the  largest 
orbweaving  spider  species:  the  evolution  of  gigantism  in  Nephila. 
PLoS  ONE  4(10):e7516. 

Kuntner,  M.,  J.A.  Coddington  & G.  Hormiga.  2008.  Phylogeny  of 
extant  nephiiid  orb-weaving  spiders  (Araneae,  Nephilidae):  testing 
morphological  and  ethological  homologies.  Cladistics  24:147-217. 

LeGrand,  R.S.  & D.H.  Morse.  2000.  Factors  driving  extreme  sexual 
size  dimorphism  of  a sit-and-wait  predator  under  low  density. 
Biological  Journal  of  the  Linnean  Society  71:643-664. 

Mayntz,  D.,  S.  Toft  & F.  Vollrath.  2003.  Effects  of  prey  quality  and 
availability  on  the  life  history  of  a trap-building  predator.  Oikos 
101:631-638. 

Miyashita,  T.  1986.  Growth,  egg-production,  and  population-density 
of  the  spider,  Nephila  clavata  in  relation  to  food  conditions  in  the 
field.  Researches  on  Population  Ecology  28:135-149. 

Moya-Larano,  J.,  J.M.  Orta-Ocana,  J.A.  Barrientos,  C.  Bach  & D.H. 
Wise.  2003.  Intriguing  compensation  by  adult  female  spiders  for 
food  limitation  experienced  as  juveniles.  Oikos  101:539-548. 

Roff,  D.  2001.  Life  History  Evolution.  Sinauer  Associates,  Sunder- 
land Massachusetts. 

Uhl,  G.,  S.  Schmitt,  M.A.  Schafer  & W.  Blanckenhorn.  2004.  Food 
and  sex-specific  growth  strategies  in  a spider.  Evolutionary 
Ecology  Research  6:523-540. 

Venner,  S.  & J.  Casas.  2005.  Spider  webs  designed  for  rare  but  life- 
saving catches.  Proceedings  of  the  Royal  Society  B-Biological 
Sciences  272:1587-1592. 

Ward,  D.  & Y.  Lubin.  1993.  Habitat  selection  and  the  life  history  of  a 
desert  spider,  Stegodvphys  lineatus  (Eresidae).  Journal  of  Animal 
Ecology  62:353-363.' 

West-Eberhard,  M.J.  2003.  Developmental  Plasticity  and  Evolution. 
Oxford  University  Press,  New  York. 

Manuscript  received  18  February  2011,  revised  29  July  2011. 


2011.  The  Journal  of  Arachnology  39:409-419 


Description  of  a new  Eukoenenia  (Palpigradi:  Eukoeneniidae)  and  Metagonia  (Araneae:  PholcMae)  from 
Brazilian  caves,  with  notes  on  their  ecological  interactions 
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Abstract.  Palpigradi  comprises  the  most  poorly  known  order  within  the  Arachnida;  hence,  information  regarding  their 
biology  and  behavior  is  quite  scarce.  We  document  an  interaction  between  a palpigrade  of  the  genus  Eukoenenia  being 
preyed  upon  by  a spider  of  the  genus  Metagonia  in  the  Gruta  do  Vale,  a cave  in  the  municipal  district  of  Felipe  Guerra  (Rio 
Grande  do  Norte,  Brazil).  The  entire  prey  recognition  and  capture  process  by  the  Metagonia  is  described  in  full  detail.  Both 
species  involved,  Eukoenenia  potiguar  n.  sp.  and  Metagonia  potiguar  n.  sp.,  are  also  described.  Metagonia  potiguar  n.  sp.  is 
the  first  Brazilian  cave-dwelling  Metagonia  to  be  described. 

Keywords:  Predation,  taxonomy,  morphology,  Brazil,  Neotropics 


The  order  Palpigradi  Thorell  1888  currently  contains  85 
species,  among  which  66  belong  to  the  genus  Eukoenenia  Borner 
1901  (Harvey  2003;  Barranco  & Harvey  2008;  Christian  2009; 
Souza  & Ferreira  2010).  These  arachnids  occur  in  various  parts 
of  the  world,  inhabiting  soil,  litter,  caves,  and  other  endogenous 
environments  (Conde  1996).  The  world  distribution  of  the  group 
has  its  geographical  limits  between  48°N  and  40°S,  most  of  the 
species  being  registered  in  Europe  and  Africa  (Conde  1996; 
Mayoral  & Barranco  2002).  Currently  only  five  species  of 
Palpigradi  are  known  from  Brazil:  Eukoenenia  roquet ti  (Mello- 
Leitao  & Axle  1935)  from  Rio  de  Janeiro,  E.  janetscheki  Conde 
1993  from  Amazonia,  E.  maquinensis  Souza  & Ferreira  2010 
from  Cordisburgo,  Minas  Gerais,  E.  ferratilis  Souza  & Ferreira 
201  i from  iron  ore  caves,  Minas  Gerais,  and  E.  spelunca  Souza  & 
Ferreira  201 1 from  Vargem  Alta,  Espirito  Santo. 

The  spider  genus  Metagonia  Simon  1893  currently  has  81 
species  widely  distributed  in  South  and  Central  America 
(Platnick  2010).  Mexico  represents  the  northern  geographical 
limit,  with  a large  number  of  species.  In  South  America,  there 
are  26  species,  of  which  13  species  occur  in  Brazil.  Most 
Metagonia  species  are  leaf-dwelling,  but  some  live  in  caves 
(Gertsch  1986;  Gertsch  & Peck  1992;  Huber  1998),  and  a few 
are  known  from  leaf  litter  habitats  (Gertsch  1986;  Huber  et  al. 
2005).  Some  species  have  troglomorphic  traits  (Gertsch  1986; 
Huber  1998),  and  at  least  three  species  occur  in  cave 
environments  as  eyeless  troglobites:  M.  bellavista  Gertsch  & 
Peck  1992  and  M.  feeder i Gertsch  & Peck  1992,  both  from  the 
Galapagos  Islands,  and  M.  debrasi  Perez  Gonzalez  & Huber 
(1999)  from  Cuba. 

The  biology  of  Metagonia  species  can  be  divided  into  three 
categories  (some  examples  are  given):  leaf-dwellers,  such  as  M. 
rica  Gertsch  1986  (Gertsch  1986;  Huber  1997),  M.  marita- 
guariensis  Gonzalez-Spoga  1998  (Huber  2004),  M.  osa  Gertsch 
1986  and  M.  uvita  Huber  1997  (both  in  Huber  & Schiite  2009); 
leaf  litter  dwellers,  such  as  M.  paranapiacaba  Huber  et  al.  2005 
and  M.  petropolis  Huber  et  al.  2005  (Huber  et  al.  2005);  and 
cave  dwellers,  such  as  M.  blanda  Gertsch  1973  (Huber  1998), 
M.  debrasi  Perez  Gonzalez  & Huber  1999  (Gonzalez  & Huber 
1999). 


Most  of  these  papers  provide  general  descriptions  of  the 
natural  history  of  the  species.  However,  Huber  (1997)  gives  a 
good  description  of  their  biology,  and  Huber  & Schiite  (2009) 
present  a complete  study  about  their  habitat  preferences,  web 
construction  and  prey.  Little  information  exists  on  the  prey 
consumed  by  some  species  of  Metagonia.  Furthermore,  until 
now,  documented  reports  of  interaction  of  any  species  with 
individuals  of  the  order  Palpigradi  have  not  existed,  especially 
with  respect  to  their  potential  predators.  Therefore,  the 
present  work  presents  an  account  of  the  predation  of  an 
individual  of  the  genus  Eukoenenia  by  an  individual  of  the 
genus  Metagonia  observed  at  the  Gruta  do  Vale,  located  in  the 
municipal  district  of  Felipe  Guerra  (Rio  Grande  do  Norte, 
Brazil).  Both  individuals,  together  with  the  other  specimens  of 
these  genera  found  in  the  same  cave,  belong  to  new  species 
that  are  described  in  the  present  work. 

METHODS 

We  examined  the  specimens  of  Eukoenenia  by  clearing  them 
in  Nesbitt’s  solution  and  mounting  them  in  Hoyer’s  medium 
on  3 X l-inch  (7.6  X 2.5  cm)  glass  slides  using  standard 
procedures  for  mites  (Krantz  & Walter  2009).  All  measure- 
ments are  presented  in  micrometers  (pm)  and  were  taken  using 
an  ocular  micrometer  with  a compound  microscope.  Body 
length  was  measured  from  the  apex  of  the  propeltidium  to  the 
posterior  margin  of  the  opisthosoma. 

The  following  abbreviations  were  utilized,  based  on 
Barranco  & Mayoral  (2007):  L = total  body  length  (without 
flagellum),  B = dorsal  shield  length,  P = pedipalpus,  I and 
IV  = legs  I and  IV,  ti  = tibia,  btal  = basitarsus  1,  bta2  = 
basitarsus  2,  bta3  = basitarsus  3,  bta4  = basitarsus  4,  tal  = 
tarsus  1,  ta2  = tarsus  2,  ta3  = tarsus  3,  a = width  of  basitarsus 
IV  at  level  of  seta  r,  er  = distance  between  base  of  basitarsus 
IV  and  insertion  of  seta  r,  grt  = tergal  seta  length,  gla  = lateral 
seta  length,  r = stiff  seta  length,  t/r  = ratio  between  length  of 
basitarsus  IV  and  stiff  seta  length,  t/er  = ratio  between 
basitarsus  IV  length  and  distance  to  insertion  of  stiff  seta,  gla/ 
grt  = ratio  between  lengths  of  lateral  and  tergal  setae,  B/bta  = 
relation  between  lengths  of  prosomal  shield  and  basitarsus  IV, 


409 


410 


THE  JOURNAL  OF  ARACHNOLOGY 


1 


Measurements  are  given  in  millimeters.  The  ratio  tibia  I 
length/diameter  (L/d)  is  a measure  of  the  robustness  of  the  legs 
(Huber  2000). 

The  material  examined  was  deposited  in  the  following 
institutions  (abbreviation  and  curator  in  parentheses):  Colegao 
de  Invertebrados  Subterraneos  de  Lavras,  Universidade  Federal 
de  Lavras  (ISLA,  R.L.  Ferreira)  and  Cole?ao  de  Artropodes 
e Miriapodes,  Institute  Butantan,  Sao  Paulo  (IBSP,  1.  Knysak). 


Figures  1-3. — Eukoenenia  potiguar  new  species,  paratype  male:  1. 
Frontal  organ,  dorsal  view;  2.  Lateral  organ,  dorsal  view;  3. 
Propeltidial  chaetotaxy.  Scale  bars  20  pm  (Fig.  1),  20  pm  (Fig.  2), 
60  pm  (Fig.  3). 

bta/ti  = ratio  between  lengths  of  basitarsus  IV  and  tibia  IV, 
FI-FVIII  = flagellar  segments.  Setal  nomenclature  follows 
that  of  Conde  (1989,  1993). 

All  morphological  observations  and  illustrations  of  Meta- 
gonia  were  made  using  a Leica  MZ12  stereomicroscope  with 
camera  lucida.  The  epigynum  was  dissected  and  immersed  in 
clove  oil  for  visualization  of  internal  structures  following  Levi 
(1965).  Descriptions  and  measurements  follow  Huber  (2000). 


RESULTS 

TAXONOMY 

Order  Paipigradi  Thorell  1888 
Family  Eukoeneniidae  Petrunkevitch  1955 

Genus  Eukoenenia  Borner  1901 
Koenenia  Grassi  & Calandruccio  1885:165  Ounior  primary 

homonym  of  Koenenia  Beushausen  1884  (Mollusca:  Bivalvia)]. 
Koenenia  (Eukoenenia)  Borner  1901:551. 

Type  species. — Koenenia  mirabilis  Grassi  & Calandruccio 
1885,  by  monotypy. 

Eukoenenia  potiguar  new  species 
(Figs.  1-19) 

Types. — Holotype  male  (“male  I”),  “Gruta  do  Vale” 
(05°31'51"S,  37°36'58"W)  Felipe  Guerra,  Rio  Grande  do 
Norte,  Brazil,  18  July  2009,  R.  L.  Ferreira  (ISLA  1293). 
Paratypes;  1 male  (ISLA  1294),  2 females  (ISLA  1295,  1296),  1 
juvenile  female  (ISLA  1297)  and  larva  (ISLA  1298),  collected 
with  holotype;  1 female,  “Gruta  Boca  de  Peixe”  (05°29'04.5"S, 
37°33'29.6"W),  Governador  Dix  Sept  Rosado,  Rio  Grande  do 
Norte,  Brazil,  3 June  2010,  D.M.  Bento  (ISLA  1299). 

Additional  material  examined. — BRAZIL:  Rio  Grande  do 
Norte:  1 9,  Capoeira  do  Joao  Carlos  cave,  Governador  Dix 
Sept  Rosado,  3 June  2010,  D.M.  Bento  (IBSP  001);  1 larva, 
Gruta  Crotes  cave,  4 June  2010,  D.M.  Bento  (IBSP  002). 

Etymology. — The  new  species  is  named  potiguar  in  reference 
to  those  born  in  the  State  of  Rio  Grande  do  Norte,  Brazil.  The 
name  is  to  be  treated  as  a noun  in  apposition. 

Diagnosis. — Eukoenenia  potiguar  differs  from  all  other 
species  of  the  genus  by  the  following  combination  of  traits: 
two  blades  in  the  prosomai  lateral  organs,  tergite  II  with  two 
pairs  and  a central  seta  (t,  tj,  ts,)  between  both  slender  setae 
(^),  tergites  III-VI  with  three  pairs  of  setae  {f , tj,  A)  between 
both  slender  setae  (s),  sternites  IV-VI  with  2 + 2 thickened 
setae  (r//  and  «_->)  between  two  normal  slender  setae  (sj  and  S2), 


Figure  4. — Eukoenenia  potiguar  new  species,  paratype  male;  deuto-tritosternal  setae.  Scale  bar  50  pm. 
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Figures  5-8. — Eukoenenia  potiguar  new  species,  holotype  male:  5.  Coxa  I;  6.  Coxa  II;  7.  Coxa  III;  8.  Coxa  IV.  Scale  bar  60  pm. 


Figures  9-1 1. — Eukoenenia  potiguar  new  species,  paratype  male  (Figs.  9,  10)  and  holotype  male  (Fig.  1 1):  9.  Chelicerae;  10.  Basitarsus  3^  of 
leg  I;  1 1 . Basitarsus  IV.  Scale  bar  60  pm. 
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Figures  1 2, 1 3. — Eiikoeiienia  potigiiar  new  species,  paratype  male:  1 2. 

and  the  characteristic  chaetotaxy  and  shape  of  the  genitalia  in 
females  and  males. 

Description  of  adults. — Prosoma:  frontal  organ  with  2 
branches,  pointed  apically,  each  4.5  times  longer  than  wide 
(22.5  |im/5  pm)  (Fig.  1).  Lateral  organ  with  2 blades,  each  4 
times  longer  than  wide  (20  pm/5  pm)  (Fig.  2).  Propeltidium 
with  10+10  setae  in  5 rows,  outer  pair  on  last  row  longer  than 
others  (Fig.  3).  Metapeltidium  with  3 + 3 setae  (//,  U.  0)^  outer 
setae  shortest  (67  pm,  77  pm,  45  pm).  Nine  deuto-tritosternal 
setae  in  2 rows:  first  with  3 setae  in  V arrangement  and  second 
with  6 setae  in  linear  arrangement  (Fig.  4).  Male  holotype  with 
only  6 deuto-tritosternal  setae. 

Coxal  chaetotaxy:  males:  coxa  I with  13  setae  (Fig.  5);  coxa 
II  with  3 thick  and  10  normal  setae  (Fig.  6);  coxa  III  with  3 


Opisthosoma,  dorsal  view;  13.  Opisthosoma,  ventral  view.  Scale  bar  60  pm. 

thick  and  7-9  normal  setae  (Fig.  7);  coxa  IV  with  2 thick  and  6 
normal  setae  (Fig.  8).  Females:  coxa  I with  15  setae;  coxa  II 
with  4 thick  and  8 normal  setae;  coxa  III  with  3 thick  and  8 
normal  setae;  coxa  IV  with  2 thick  and  8 normal  setae. 

Chelicerae:  with  9 teeth  on  either  finger;  4 dorsal  setae  and  a 
single  ventral  seta  inserted  near  third  segment  and  single  seta 
inserted  near  row  of  teeth  of  second  segment  (Fig.  9). 

Legs:  basitarsus  3 of  leg  I short,  1.5  times  longer  than  wide, 
with  3 setae  (grt  55  pm;  r 52.5  pm).  Seta  r longer  than  segment 
(37.5  pm/52.5  pm,  tir  = 0.7),  inserted  in  proximal  half  and 
reaching  distal  margin  of  basitarsus  4 (32.5  pm/15  pm,  s/er  = 
2.1)  (Fig.  10).  Basitarsus  of  leg  IV  4.25  times  longer  than  wide, 
with  7 setae  (2  esd,  2 esp,  gla,  grt  and  r),  bta/ti  0.8.  Stiff  seta  r 
1.44  times  shorter  than  tergal  edge  of  article  (85  pm/62.5  pm. 


Figure  14. — Eiikoenenia  potiguar  new  species,  holotype  male  (photograph)  and  paratype  male  (drawing):  Male  genitalia.  Scale  bar  60  pm. 
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Figure  15. — Eukoenenia  potiguar  new  species,  female  II  (paratype):  female  genitalia.  Scale  bar  60  pm. 


tir  = 1.36)  and  inserted  in  proximal  third  (85  iim/30  pm,  tier  = 
2.8).  Setae  esp,  grt  and  gla  in  proximal  half  (Fig.  11). 

Opisthosoma:  tergite  II  with  3+1+3  dorsal  setae,  2 pairs 
and  a central  seta  (/  tj,  tj)  between  both  slender  setae  (.v). 
Tergites  III-VI  with  4 + 4 setae,  3 pairs  of  setae  (?',  tj,  tj) 
between  both  slender  setae  (i'),  central  pair  shortest  (Fig.  12). 
Sternite  III  with  2 + 2 setae.  Sternites  IV-VI  each  with  2 + 2(3 
+ 2 in  the  male  paratype)  thickened  setae  (cij  and  cij)  between 
2 slender  normal  setae  (sj  and  .S2)  on  each  side  (Fig.  13);  a pair 
of  glandular  pores  situated  between  aj  setae.  In  one  female, 
sternite  IV  only  possesses  one  s seta  and  sternite  VI  possesses 
1 more  s seta  (3  setae).  Segments  VII-XI  showing  some 
variation  in  the  number  of  setae,  with  13,  13-15,  8,  6-8  and 
8-9  setae,  respectively,  in  males,  and  with  14-15,  14-15,  8,  8 
and  9-10  setae,  respectively,  in  females. 

Male  genitalia:  with  2 + 2 sternal  setae  in  holotype  (one 
asymmetrically  missing  in  male  paratype).  With  40  (38  in  the 
male  II)  setae  distributed  in  3 lobes.  First  lobe  broad  and 

16 


Figure  16. — Eukoenenia  potiguar  new  species,  female  III  (para- 
type): spermatheca  detail.  Scale  bar  20  pm. 


short;  with  a clear  separation  in  central  region,  with  9 + 9 setae 
in  2 rows  in  male  holotype,  proximal  row  with  5 + 5 setae  and 
distal  row  with  4 + 4.  Male  II  has  only  8 + 8 setae  in  2 rows, 
each  with  4+4  setae.  In  addition,  2 pairs  of  fusules  on  distal 
margin;  fusules  short,  similar  in  length  (f,  = 25  pm;  fT  = 
27.5  pm),  conical,  very  close  to  each  other.  Second  lobe 
subtriangular,  with  a rounded  apex,  with  5 + 5 setae  {a.  b,  c,  c' , 
d).  Third  lobe  also  in  a subtriangular  form,  well  developed, 
with  4 + 4 setae  (w,  .y,  y,  z),  with  a large,  pointed  and  bifurcate, 
apical  section.  In  each  half  of  third  lobe,  two  areas  can  be 
distinguished:  a glabrous  inner  area,  and  an  external  area  that 
possesses  micro-setae  (a  pubescent  area)  (Fig.  14). 

Female  genitalia:  with  2 lobes,  first  lobe  with  10+11  setae 
(asymmetry  caused  by  lack  of  regular  setae):  2 + 2 sternal  setae 
(st|  and  st2)  followed  by  2 + 2,  1 + 2,  1 + 1 and  4 + 4 distal 
setae,  of  which  ai,  a2,  a3,  a4  measure  15  pm,  12.5  pm,  20  pm, 
and  21  pm  respectively.  Second  lobe  with  3 + 3 setae  (x,  y,  z), 
measuring  31  pm,  17.5  pm,  and  20  pm  respectively;  4 glandular 
orifices  (Fig.  15).  Spermatheca  shaped  like  an  inverted  “U,” 
formed  by  2 lobes  linked  at  their  base  (Fig.  16). 

Flagellum:  with  8 segments  in  one  juvenile  specimen  and  7 in 
an  adult  (the  last  flagellar  segment  is  lacking).  First  segment 
with  9 long  setae  inserted  in  distal  half.  Second,  third,  fourth, 
fifth  and  sixth  segments  with  8 long  setae  inserted  in  distal 
half.  Seventh  segment  with  6 long  setae,  respectively,  inserted 
in  distal  half.  Segments  1,  2,  3,  5 and  7 with  an  apical  crown  of 
spines. 

Description  of  the  immature  stages. — Juvenile  female:  lateral 
organ  with  2 blades.  Deuto-tritosternum  with  7 setae.  Fingers 
of  chelicera  with  8 teeth.  Chaetotaxy  of  propeltidium  and 
metapeltidium  complete.  Tergites  II-VI  with  2 + 2 setae  (t) 
between  the  setae  s.  Sternites  IV-VI  as  in  adult,  except  for 
absence  of  setae  S2;  two  gland  orifices  present.  Segments  VII- 
XI  with  11,  12,  8,  8 and  8 setae.  Primordia  of  genital  lobes 
developed  on  segments  II  and  III,  but  unfortunately  it  was  not 


414 


THE  JOURNAL  OF  ARACHNOLOGY 


Figures  17-19. — Eukoenenia potiguar  new  species,  juvenile  female:  17.  Flagellar  segments  I,  II  and  III;  18.  Flagellar  segments  IV,  V and  VI;  19. 
Flagellar  segments  VII  and  VIII.  Scale  bar  60  pm. 


possible  to  determine  the  number  and  position  of  the  setae  due 
to  damage  during  slide  mounting.  Flagellum  with  8 short 
segments  (total  length  597.5  pm).  First  3 segments  with  10,  8, 
and  9 long  setae,  respectively,  inserted  in  distal  half  (Fig.  17). 
Fourth,  fifth,  sixth  and  seventh  segments  with  8 long  setae 
inserted  in  distal  half.  Last  segment  longer  than  others,  with  8 
long  setae  inserted  in  distal  half  and  3 long  setae  inserted 
apically.  Segments  1,  2,  3,  5 and  7 with  an  apical  crown  of 
spines.  (Figs.  18,  19). 

Larva,  sex  indeterminable:  deuto-tritosternum  with  3 setae. 
Chaetotaxy  of  propeltidium  and  metapeltidium  complete. 
Coxae  II-IV  with  3,  3,  and  0 thickened  setae.  Trichobothria 
and  forked  setae  as  in  adult.  Leg  IV  bta  with  setae  (r  and  2 esd). 
Tergites  II-VI  with  2 + 2 setae  (t)  between  the  setae  s.  Sternites 
IV-VI  with  setae  ai  and  a2,  setae  s missing.  Sternite  II  with  2 + 2 
sternal  setae  (sti,  st2),  sternite  III  with  3 + 3 (sti,  st2,  st3). 

Dimensions  (pm).'  See  Table  1. 

Remarks. — This  species  has  the  lateral  organ  formed  by  2 
blades,  a characteristic  present  in  only  other  two  species  of  the 
genus  Eukoenenia:  E.  lienhardi  Conde  1989  from  Sumatra 
(that  can  have  3,  2,  or  only  1 blade)  and  E.  singhi  Conde  1989 
from  India.  Eukoenenia  lienhardi  and  E.  singhi  are  very  similar 
species  that  share  several  characteristics  with  E.  potiguar, 
such  as  the  chaetotaxy  of  the  opisthosomal  tergites  II-VI 
(also  found  in  the  African  species  E.  lawrencei  Remy  1957), 
the  presence  of  2 + 2 setae  between  the  two  setae  a in  the 
opisthosomal  sternites  IV-VI,  the  number  of  setae  in  the 


basitarsus  IV,  and  chelicerae  with  nine  teeth.  Furthermore,  E. 
potiguar  also  shares  the  same  number  of  setae  in  the  deuto- 
tritosternum  with  E.  singhi.  However,  these  species  can  be 
clearly  separated  by  the  form  of  the  genital  lobes  and  the 
spermatheca  of  the  females.  It  is  not  possible  to  make 
comparisons  of  the  male  genitalia  because  the  two  Asian 
species  described  were  based  only  on  female  specimens  (Conde 
1989). 

It  is  important  to  emphasize  that  the  new  species  has  quite 
different  characteristics  from  those  observed  in  the  two 
Brazilian  edaphomorphic  species  already  described,  clearly 
differing  from  E.  janetscheki  Conde  1993  (Amazonia)  mainly 
in  the  chaetotaxy  of  the  opisthosomal  tergites,  the  number  of 
lateral  organs,  the  chaetotaxy,  and  the  form  of  the  male  and 
female  genital  lobes;  and  from  E.  roquet ti  (Mello-Leitao  & 
Arle  1935)  mainly  in  the  number  of  elements  that  form  the 
lateral  organs  and  the  form  and  chaetotaxy  of  the  male 
genitalia  (Mello-Leitao  & Arle  1935;  Conde  1993,  1997). 

The  genera!  aspect  of  the  male  genitalia  of  E.  potiguar 
resembles  that  of  E.  guzikae  Barranco  & Harvey  2008  from 
Australia,  in  that  both  species  have  the  first  lobe  short  and 
wide,  conical  fusules,  short  and  near  each  other  and  the  second 
lobe  with  5 pairs  of  setae.  However,  the  male  genitalia  of  E. 
potiguar  differs  from  that  of  the  male  of  E.  guzikae  mainly  by 
having  the  first  lobe  clearly  separated  in  two  halves,  the  fusules 
without  a median  constriction,  the  second  lobe  with  a rounded 
apex,  and  the  third  lobe  with  four  pairs  of  setae. 
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Table  1. — Measurements  (|im)  of  selected  body  parts  of  the  seven  type  specimens  of  Eukoenenia  potiguar. 


Body  part 

Male  I (Holotype) 

Male  II 

Female  I 

Female  II 

Female  III 

Juvenile  female 

Larva 

L 

1085 

1155 

1225 

1150 

1220 

1060 

575 

B 

272.5 

250 

295 

280 

290 

227.5 

207.5 

Pti 

95 

90 

97.5 

97.5 

100 

87.5 

55 

Pbtal 

40 

37.5 

40 

37.5 

40 

32.5 

25 

Pbta2 

35 

35 

37.5 

42.5 

40 

32.5 

25 

Ptal 

25 

30 

30 

50 

30 

25 

22.5 

Pta2 

27.5 

27.5 

30 

42.5 

30 

27.5 

25 

Pta3 

50 

45 

47.5 

40 

52.5 

42.5 

40 

Iti 

- 

110 

110 

110 

117.5 

65 

Ibtal+2 

85 

87.5 

85 

90 

87.5 

82.5 

55 

Ibta3 

37.5 

37.5 

40 

42.5 

42.5 

32.5 

22.5 

Ibta4 

40 

37.5 

35 

45 

45 

32.5 

25 

Ital 

20 

17.5 

20 

17.5 

25 

17.5 

15 

Ita2 

30 

27.5 

27.5 

30 

32.5 

25 

20 

Ita3 

97.5 

97.5 

100 

100 

102.5 

92.5 

80 

IVti 

105 

105 

- 

112.5 

112.5 

67.5 

IVbta 

85 

77.5 

102.5 

92.5 

55 

IVtal 

40 

40 

- 

42.5 

40 

35 

32.5 

IVta2 

50 

55 

- 

60 

52.5 

45 

45 

A 

20 

20 

- 

20 

25 

15 

Er 

30 

27.5 

32.5 

27.5 

20 

Grt 

47.5 

47.5 

40 

50 

Gla 

50 

57.5 

52.5 

55 

R 

62.5 

62.5 

65 

62.5 

50 

tlr 

1.36 

1.44 

- 

1.57 

1.48 

- 

1.1 

tier 

2.83 

3.27 

3.1 

3.36 

2.75 

glalgrt 

1.05 

1.21 

1.3 

1.1 

- 

- 

B/btalV 

3.2 

2.7 

2.7 

3.1 

3.7 

btalV/tilV 

0.8 

0.85 

0.9 

0.82 

- 

0.8 

FI 

- 

- 

77.5 

- 

80 

- 

FII 

- 

- 

72.5 

- 

65 

- 

Fill 

- 

- 

72.5 

- 

80 

- 

FIV 

75 

- 

75 

- 

FV 

- 

55 

- 

62.5 

- 

FVI 

- 

72.5 

- 

75 

- 

FVII 

- 

- 

52.5 

- 

72.5 

FVIII 

- 

- 

- 

87.5 

Although  the  specimens  of  E.  potiguar  have  only  been 
collected  in  caves,  the  species  does  not  show  any  obvious 
specialization  linked  to  the  cave  environment  because  the 
B/btalV  and  btalV/TilV  ratio  values  are  within  the  range 
commonly  found  in  endogeomorphic  species  according  to 
Conde  (1998).  It  is  noteworthy,  however,  that  the  conditions 
outside  these  caves,  within  the  domain  of  the  Caatinga  (the 
only  Brazilian  semi-arid  biome),  are  extremely  restrictive. 
Thus,  it  is  believed  that  organisms  of  this  species  are 
unlikely  to  be  found  in  epigean  or  endogenous  surface 
systems  throughout  the  whole  year.  However,  in  the  few 
rainy  months  that  occur  in  the  area,  such  organisms  may  be 
found  closer  to  the  surface,  but  this  claim  is  certainly 
speculative,  and  this  question  deserves  to  be  the  target  of 
future  studies. 

Order  Araneae  Clerck  1757 
Family  Pholcidae  Koch  1851 
Genus  Metagonia  Simon  1893 

Metagonia  Simon  1893:472;  Gertsch  1971:82-83;  Gertsch 
1977:105;  Gertsch  1986:  40-41;  Gertsch  & Peck 

1992:1194-1195;  Huber  1997a:342. 


Anomalaia  Gonzalez-Sponga  1998:24. 

Type  species. — Metagonia:  Metagonia  bifida  Simon  1893, 
by  original  designation. 

Anomalaia:  Anomalaia  mariguitarensis  Gonzalez-Sponga 
1998,  by  original  designation. 

Metagonia  potiguar  new  species 
(Figs.  20-27) 

Types. — Male  holotype,  “Gruta  do  Vale”  (05°31'51"S, 
37°36'58"W),  Felipe  Guerra,  Rio  Grande  do  Norte,  Brazil, 
18  July  2009,  R.L.  Ferreira  (IBSP  145155).  Paratype:  1 female, 
collected  with  holotype  (IBSP  145156). 

Etymology. — The  new  species  is  named  potiguar  in  reference 
to  those  born  in  the  State  of  Rio  Grande  do  Norte,  Brazil.  The 
name  is  to  be  treated  as  a noun  in  apposition. 

Diagnosis. — The  male  can  be  distinguished  from  other 
Metagonia  species  by  the  simple  pair  of  clypeus  apophyses 
(Figs.  20,  21),  strong  femoral  dorsal  apophysis,  procursus 
shape  with  large  hinged  process  and  globular  abdomen 
(Fig.  20).  The  female  can  be  distinguished  by  the  shape  of 
her  sclerotized  ducts  (Figs.  26,  27)  and  globular  abdomen. 
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Figures  20-27. — Metagonia  potigiiar  n.  sp.  (Holotype  and  paratype):  20.  Male  body,  dorsal;  21.  Male  chelicerae,  frontal;  22,  23.  Male  left 
palp;  22.  Retrolateral  (arrow  indicates  hinged  process);  23.  Prolateral,  slightly  ventral;  24-27.  Female  epigynum,  24.  Ventral;  25.  Anterior;  26. 
Dorsal;  27.  Internal  ducts.  Scale  bar  0.25  mm,  except  fig.  27:  0.10  mm. 


Description. — Male  (holotype):  Total  length  2.5,  carapace 
length  0.8,  width  0.8,  leg  I 1 7.4  (4. 1 + 0.4  + 4.7  + 7. 1 + 1 . 1 ),  tibia 
II  3.1,  tibia  III  missing,  tibia  IV  2.9;  tibia  I 1/d  43.  Body  as  in 
Fig.  20.  Carapace  pale  yellow  without  stripes  or  spots  (Fig.  20). 
Ocular  area  without  color  differentiation.  Distance  PME-ALE 
about  17%  of  PME  diameter.  Clypeus  with  a pair  of  small, 
simple,  and  straight  apophyses  (Figs.  20,  21).  Sternum  pale 
yellow.  Chelicerae  pale  yellow,  with  club  shaped  hairs,  without 
apophysis  (Fig.  21).  Palps  (Figs.  22,  23)  pale  yellow,  procursus 
ochre;  femur  with  a pointed  ventral  apophysis;  procursus  split 
into  a simple  ventral  projection  with  a twisted  tip,  a strong  and 
simple  dorsal  projection,  and  a retrolateral  hinged  process 
(Fig.  22);  bulb  simple  with  a small  embolus  (Fig.  23).  Legs 
yellowish,  without  spines,  without  modified  hairs,  retrolateral 
trichobothrium  of  tibia  I at  12%,  tarsus  I with  approximately  14 
pseudosegments.  Abdomen  globular  (Fig.  20),  completely  pale 
yellow,  genital  plate  rectangular,  light  brown. 

Female  (paratype):  Total  length  2.2,  carapace  length  0.8, 
width  0.8,  leg  I 14.9  (3.7  + 0.4  + 4.0  + 5.7  + 1.1),  tibia  II  2.5, 


tibia  III  1.8,  tibia  IV  -.  In  general,  very  similar  to  male, 
without  clypeus  modification.  Epigynum  brown,  approxi- 
mately triangular  with  median  lateral  indentations  (Fig.  24) 
and  a central  elevation  bordered  by  two  lateral  excavations 
(Fig.  25).  Internal  genitalia  with  a pair  of  barely  visible  small 
pore  fields  (Fig.  26)  and  a system  of  asymmetrical,  sclerotized, 
central  ducts  (Fig.  27). 

Distribution. — This  species  is  currently  known  only  from  the 
type  locality. 

Remarks. — Metagonia  potiguar  does  not  seem  to  fit 
convincingly  within  any  of  the  five  operational  species- 
groups  proposed  by  Huber  (2000).  However,  it  shows  simi- 
larities to  “group  1”:  sclerotized  epigynum,  ventral  apophysis 
on  the  palpal  femur,  and  bifid  clypeus  apophysis.  The  main 
difference  lies  in  the  globular  abdomen,  which  is  bifid  in  the 
majority  of  the  “group  1”  species.  This  trait  could  be  due  to 
habitat  pressures,  as  stated  in  Huber  et  al.  (2005).  Metagonia 
potiguar  represents  the  first  record  of  Metagonia  in  Brazilian 
caves. 
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Figure  28. — Interaction  repertoire:  A.  Individuals  of  Metagonia  poligiuir  and  Eukoenmia  potiguar  found  when  rock  was  overturned;  B. 
Melagoiiia  reaching  Eiikoeiwnia  and  touching  it  with  a leg  (in  detail,  white  line  indicating  the  Metagonia):  C.  Metagonia  wrapping  prey  with  some 
web  filaments,  holding  it  for  some  seconds,  while  prey  struggles;  D.  Prey  briefly  abandoned;  E.  Metagonia  returns  and  begins  to  feed. 
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DISCUSSION 

Ecological  interactions. — Individuals  of  both  species,  Meta- 
gonia  potiguar  and  Eukoenenia  potiguar,  were  under  a rock 
fragment  on  the  floor  of  the  cave,  in  its  more  interior  portion. 
The  locality  was  aphotic.  The  rock,  supported  on  earthy 
sediment,  was  located  near  a speleothem  under  a formation. 
The  dripping  made  the  surrounding  environs  more  humid, 
including  the  sediment  on  which  the  rock  rested.  As  soon  as  we 
overturned  the  rock,  we  observed  the  individuals.  We  settled 
the  rock  again  on  the  floor,  leaving  the  organisms  visible. 

When  the  rock  was  overturned,  Metagonia  remained 
immobile  while  Eukoenenia  began  moving,  continually  chang- 
ing direction,  always  groping  with  the  first  pair  of  legs, 
maintaining  the  flagellum  erect  and  perpendicular  to  the  sub- 
strate, making  lateral  movements.  Eukoenenia  progressively 
began  to  approach  Metagonia,  until  when  about  a centimeter 
away,  Metagonia  noticed  its  presence.  Apparently  Eukoenenia 
bumped  into  a thread  of  Metagonia  web  because  it  immedi- 
ately changed  position  and  began  moving  in  the  opposite 
direction  from  Metagonia,  maintaining  the  “random”  change 
of  direction  behavior  (Fig.  28A).  Metagonia,  in  turn,  began 
moving  towards  Eukoenenia,  feeling  with  the  first  pair  of  legs. 
When  it  fmaliy  reached  Eukoenenia  and  touched  it  with  one 
of  its  legs  (Fig.  28B),  it  immediately  jumped  on  Eukoenenia, 
grasping  it  with  its  chelicerae  (Fig.  28C).  Metagonia  quickly 
wrapped  the  prey  with  some  web  filaments,  maintaining  its 
hold  for  several  seconds,  while  the  prey  struggled.  After 
immobilizing  the  prey,  it  briefly  abandoned  Eukoenenia 
(Fig.  28D),  but  after  about  10  seconds,  returned  and  began 
to  feed  (Fig.  28E).  At  that  moment,  the  process  was 
interrupted  by  the  collection  of  both  individuals. 

Although  a certain  amount  of  attention  has  been  drawn  to 
the  order  Paipigradi  in  recent  years  (e.g.,  Barranco  & Harvey 
2008;  Krai  et  al.  2008;  Christian  2009;  Pepato  et  al.  2010), 
practically  nothing  is  known  of  the  ecological  relationships 
exhibited  by  these  organisms.  Information  regarding  feeding 
habits,  prey,  predators,  and  more  has  been,  until  now, 
unknown,  which  makes  the  group  even  more  enigmatic.  The 
few  references  about  possible  interactions  registered  in  the 
literature  are  almost  totally  speculative.  This  work  represents 
the  first  description  of  an  interaction  involving  a palpigrade  in 
its  natural  habitat  and  the  first  record  of  Metagonia  in 
Brazilian  caves. 

Little  is  known  about  the  biology  of  species  of  Metagonia 
and  of  the  spectrum  of  prey  usually  consumed  by  these  spiders 
(Huber  & Schute  2009).  A female  of  M osa  was  observed 
feeding  on  an  ant,  and  a male  of  the  same  species  feeding  on  a 
cobweb  spider  (Theridiidae)  (Huber  & Schute  2009).  This 
study  reports  some  new  details  about  habitat,  predation 
habits,  one  of  the  food  items  (Paipigradi)  and  some  ethological 
information  of  M potiguar.  Furthermore,  our  study  repre- 
sents the  documentation  of  a new  cave-dwelling  inhabitant  of 
the  genus,  increasing  the  number  of  species  of  Metagonia 
associated  with  underground  environments. 

The  order  Paipigradi  is  one  of  the  least  known  orders  within 
Arachnida,  and  the  large  majority  of  publications  associated 
with  it  focus  on  the  taxonomy  of  the  group.  The  small  size  of 
these  arachnids  hinders  work  on  their  biology  and  behavior, 
having  been  restricted  so  far  to  the  work  of  Kovac  et  al. 
(2002),  who  was  able  to  keep  individuals  of  E.  spelaea 


(Peyerimhoff  1902)  over  the  course  of  four  weeks  in 
laboratory  conditions.  In  spite  of  offering  different  types  of 
prey  to  live  specimens,  Kovac  et  al.  (2002)  were  unable  to 
observe  any  individual  capturing  and  feeding  on  them. 
According  to  Conde  (1996),  P.  Weygoldt  was  able  to  observe 
laboratory-maintained  paipigrades  capturing  small  Collem-  | 
bola  with  the  aid  of  their  chelicerae.  The  interaction  of  these  , 
arachnids  with  other  invertebrate  species  still  remains  un-  j 
known,  and  no  ecological  relationship  in  nature  has  been 
published. 

Finally,  this  interaction  is  a clear  indication  that  Paipigradi 
can  be  preyed  upon  by  small  spiders.  The  typical  preference 
for  interstitial  habitats  observed  in  many  species  of  this  group 
is  maintained  even  in  deep  parts  of  caves.  If  this  preference  for 
such  habitats  were  based  only  on  the  search  for  humid  and 
shaded  areas,  one  would  not  expect  to  find  paipigrades 
sheltered  under  rocks  in  deep  areas  of  caves,  which  are  always 
aphotic  and  extremely  humid.  Therefore,  the  observed 
interaction  raises  the  question  whether  the  preference  for  i 
interstitial  microhabitats  under  rocks  in  caves  may  eventually  ' 
be  an  answer  to  predation  pressure. 
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Morphological  analysis  of  montane  scorpions  of  the  genus  Vaejovis  (Scorpiones:  Vaejovidae)  in  Arizona 
with  revised  diagnoses  and  description  of  a new  species 

Garrett  Brady  Hughes':  Department  of  Life,  Earth,  and  Environmental  Sciences,  West  Texas  A&M  University,  Canyon, 
Texas  79016,  USA.  E-mail:  gbhughes@email.arizona.edu 

Abstract.  Several  scorpions  of  the  genus  Vaejovis  in  Arizona  are  restricted  in  range  to  mountain-top  forests.  These 
scorpions,  informally  referred  to  as  the  “vorhiesi  complex”  are  very  similar  morphologically,  but  their  geographic 
distribution  has  attracted  the  attention  of  several  researchers,  resulting  in  the  description  of  a few  new  species  in  recent 
years.  However,  these  species  were  described  from  small  sample  sizes  and  were  diagnosed  with  questionable  characters  that 
were  not  sufficiently  analyzed.  This  study  evaluates  the  morphology  of  scorpions  of  the  ""vorhiesi  complex”  from  seven 
regions  in  Arizona  to  verify  the  validity  of  the  species  and  their  accompanying  diagnoses.  Morphological  characters 
examined  include  morphometries,  hemispermatophores,  size  and  shape  of  subaculear  tubercles  of  the  telson  vesicle, 
pectinal  tooth  counts,  pedipalp  chela  denticle  counts,  metasomal  setal  counts,  development  of  metasomal  carinae,  and 
tarsal  spinule  counts.  New  diagnoses  are  given  for  previously  described  species  (V.  vorhiesi  Stahnke  1940,  V.  lapidicola 
Stahnke  1940,  V.  paysonensis  Soleglad  1973,  V.  cashi  Graham  2007  and  V.  dehoerae  Ayrey  2009),  which  are  considered 
valid,  based  on  the  morphological  evidence  gathered.  A new  species  of  Vaejovis,  V.  electrwn,  is  described  from  the  Pinaleno 
Mountains  in  Arizona. 

Keywords:  Morphometries,  discriminant  function  analysis,  sky  islands,  mexicamis  group 


The  family  Vaejovidae  is  the  most  diverse  and  speciose 
group  of  scorpions  in  North  America  (Sissom  2000).  Some 
species  are  known  from  as  far  north  as  southwestern  Canada 
and  as  far  south  as  Guatemala  in  Central  America  (Sissom  & 
Francke  1981;  Sissom  1989).  Two  qualities  that  contribute 
to  this  high  diversity  are  the  low  dispersal  capabilities  and 
high  substrate  fidelity  of  vaejovids.  There  are,  for  example, 
vaejovid  scorpions  that  specialize  in  rocky  habitats  and  live  in 
the  cracks  and  crevices  of  rock  faces  (e.g.,  Serradigitus  spp., 
Vaejovis  nitidulus  group)  and  others  that  are  restricted  to 
sandy  habitats,  including  sand  dunes  (e.g.,  Paruroctouus, 
Vejovoidus)  (Prendini  2001). 

Within  the  family  Vaejovidae,  the  genus  Vaejovis  is  by  far 
the  largest,  with  74  species,  and  is  the  third  largest  genus  of 
scorpions  in  the  world  (see  www.vaejovidae.com).  Within  the 
genus,  there  are  five  species  groups:  the  eusihemtra  group,  the 
intrepidus  group,  the  mexicamis  group,  the  nitidulus  group,  and 
the  punctipalpi  group.  Several  species  are  not  placed  in  any  of 
these  groups.  There  is  much  doubt  among  current  researchers 
that  these  groups,  or  the  genus  Vaejovis  itself,  represent 
monophyletic  assemblages.  Revisionary  systematic  work  is 
being  conducted  to  obtain  a robust  phytogeny  of  the  family 
and  a greater  understanding  of  the  relationships  between 
species  (www.vaejovidae.com). 

Within  the  mexicamis  group  there  is  a collection  of  species 
informally  referred  to  as  the  ‘"vorhiesi  complex”  (although  some 
exclude  V.  vorhiesi  from  the  mexicamis  group:  Santibanez-Lopez 
& Francke  2010).  The  “vorhiesi  complex”  is  a group  of  small 
(approximately  20-30  mm),  brown,  mottled  scorpions  that  live  in 
the  mountains  of  the  Madrean  archipelago,  a group  of  mountain 
“islands”  found  between  the  Sierra  Madre  Occidental  range  of 
northern  Mexico  and  the  Rocky  Mountain  range  of  the  United 
States  (Warshall  1994).  These  scorpions  are  generally  found  at 
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elevations  above  2100  m,  where  they  dwell  in  the  pine  or  oak 
litter  of  the  mountain  forests  (Sissom  2000).  The  currently 
described  species  of  the  “vo/7t/c«  complex”  in  Arizona  include  V. 
vor/i/cAv  Stahnke  1940;  V.  /rt/t/V/zco/r;  Stahnke  1940;  V.  paysonensis 
Soleglad  1973;  V.  cashi  Graham  2007;  and  V.  dehoerae  Ayrey 
2009.  Another  species,  V.  j'eti  Graham  2007,  is  known  from  the 
Black  Range  of  New  Mexico,  but  it  may  occur  in  Arizona  as  well 
because  the  Black  Range  is  considered  a part  of  the  San 
Francisco  Mountains,  which  extend  into  Arizona.  Most  recently, 
V.  montanus  was  described  from  the  Sierra  Madre  Occidental  in 
Mexico  (Graham  2010),  but  this  description  was  published  after 
completion  of  the  current  study  so  is  not  included  in  my  analyses. 

The  fact  that  these  scorpions  are  restricted  to  the  mountain 
top  forests  has  led  to  speculation  that  each  isolated  population 
is  a distinct  species  (Graham  2007;  Ayrey  2009).  This  hypothesis 
is  derived  from  the  understanding  that  isolated  populations 
tend  to  diverge  through  time  because  of  random  genetic  drift  or 
selection  for  different  traits.  It  is  currently  estimated  that 
populations  of  the  “vorhiesi  complex”  were  isolated  from  one 
another  around  10,000  years  ago  when  forests  covering  most  of 
Arizona  retreated  up  the  mountains  coincident  with  the  end  of 
the  most  recent  ice  age  (Anderson  1993;  Maddison  & 
McMahon  2000).  Authors  have  described  new  species  from 
these  areas  within  the  last  few  years  based  on  dubious 
morphological  differences  (Graham  2007;  Ayrey  2009).  Almost 
all  published  species  descriptions  to  date  have  been  based  on 
very  low  sample  sizes:  one  male  and  one  female  specimen  for  V. 
vorhiesi  (from  different  mountain  ranges)  (Stahnke  1940),  two 
females  for  V.  lapidicola  (Stahnke  1940),  seven  females  and  four 
juveniles  for  V.  paysonensis  (Soleglad  1970),  two  females  for  V. 
cashi  (Graham  2007),  and  a male  and  female  for  V.  feti 
(although  the  author  suggests  that  “many”  were  examined) 
(Graham  2007).  Only  the  study  by  Ayrey  (2009)  utilized  larger 
sample  sizes,  approximately  30  specimens  including  both  males 
and  females,  for  V.  dehoerae.  Ayrey  (2009)  also  listed  17 
specimens  of  V.  vorhiesi  used  in  comparisons.  Using  robust 
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sample  sizes  is  important  in  taxonomic  work,  especially  when 
only  considering  morphological  characters,  because  it  reveals 
the  extent  of  intraspecific  variation.  Without  this  knowledge, 
species  may  be  described  from  characters  that  are  not 
diagnostic  of  species-level  differences.  At  the  extreme,  new 
species  may  even  be  described  from  variants  of  a previously 
described  species.  Furthermore,  specimens  should  be  from  as 
many  localities  as  possible  because  slight  environmental 
differences  could  result  in  morphological  differences. 

The  purpose  of  this  study  was  to  gather  more  complete  data 
from  a much  larger  sample  of  specimens  and  on  a wider  variety 
of  morphological  characters  from  seven  geographically  proximal 
groups  of  scorpions  (mostly  from  mountain  systems)  in  Arizona 
to  assess  the  validity  of  previous  species  descriptions  and  discover 
non-overlapping,  or  at  least  minimally  overlapping,  characters 
that  can  distinguish  populations  or  groups  of  populations. 

Taxonomic  History. — Vaejovis  vorhiesi  and  V.  lapidicola  were 
first  described  by  Stahnke  (1940).  Vaejovis  vorhiesi  was 
described  from  specimens  collected  in  the  Huachuca  and  Santa 
Catalina  Mountains  in  southeastern  Arizona.  Vaejovis  lapidi- 
cola was  described  from  an  area  1.6  km  east  of  Flagstaff. 
Unfortunately,  Stahnke’s  (1940)  published  descriptions  were 
merely  short  paragraphs  that  provided  few  details  of  the 
species.  One  can  discern  differences  between  these  two  species 
from  his  published  descriptions,  but  his  unpublished  disserta- 
tion (Stahnke  1939)  clearly  reveals  the  differences  he  considered 
most  important  in  a dichotomous  key.  By  examining  the  species 
descriptions  one  can  find  additional  differences,  such  as 
differing  numbers  of  pectinal  lamellae  with  five  to  seven  in  V. 
lapidicola  and  six  to  eight  in  V.  vorhiesi.  Stahnke’s  (1939) 
dissertation  yields  two  additional  differences.  The  first  differ- 
ence is  the  relative  length-to-width  ratio  of  the  fifth  segment  of 
the  metasoma,  with  V.  lapidicola  having  this  segment  more  than 
twice  as  long  as  wide  and  V.  vorhiesi  with  this  segment  equal  to 
or  less  than  twice  as  long  as  wide.  Another  distinction  is  that  the 
intercarinal  spaces  of  the  ventral  surface  of  the  fifth  metasomal 
segment  differ  in  their  granulation,  with  V.  lapidicola  having 
coarsely  granular  intercarinal  spaces  and  V.  vorhiesi  having 
smooth  to  finely  granular  spaces  (Stahnke  1939). 

Soleglad  (1973)  created  the  mexicanus  group  of  the  genus 
Vaejovis  and  placed  V.  lapidicola  and  V.  vorhiesi  into  this  group. 
The  mexicanus  group  was  defined  by  the  following  characters: 
female  genital  operculum  divided  on  posterior  one-fifth; 
pedipalp  chela  fixed  finger  length  equal  to  or  longer  than  the 
pedipalp  chela  width;  inner  ventral  carina  of  the  palm  of  the 
chela  “obsolete,  suppressed,  or  well-developed”;  trichobothria 
ib  and  it  on  the  base  of  the  finger  and  not  on  the  palm;  carapace 
indented  on  the  anterior  margin  but  not  deeply  bilobed;  and 
ratio  of  total  length  to  pectinal  tooth  count  1 .91-2.95  for  males 
and  1.87-3.50  for  females.  Soleglad  (1973)  described  a new 
species,  V.  paysonensis  from  40.23  km  (25  mi)  northeast  of  the 
city  of  Payson,  Arizona.  Vaejovis  paysonensis  was  not  compared 
to  V.  lapidicola,  despite  its  closer  proximity  in  both  form  and 
geography.  However,  Soleglad  (1973)  compared  his  new  species 
to  V.  vorhiesi,  distinguishing  them  by  means  of  the  following 
traits:  seven  inner  accessory  denticles  on  the  pedipalp  chela 
movable  fingers  in  V.  pay.sonensis  and  six  in  V.  vorhie.si.  There 
are  11-13  pectinal  teeth  for  both  males  and  females  in  V. 
paysonensis  and  15  in  males  and  12-13  in  females  of  V.  vorhiesi. 
The  ratio  of  chela  palm  width  to  chela  length  in  V.  paysonensis 


is  15/52  and  in  V.  vorhiesi  is  12/50.  Finally,  Soleglad  (1973) 
reported  lighter  coloration  in  V.  paysonensis. 

Graham  (2006)  redescribed  V.  lapidicola  from  the  two  syntypes 
in  poor  condition  and  one  other  female.  The  major  alteration 
made  to  the  description  is  coloration,  which  may  have  changed  in 
48  years  since  the  specimen  was  collected  and  preserved.  In 
addition,  he  added  measurement  data  that  were  lacking  in  the  first 
published  description,  although  Stahnke  (1973)  did  include 
measurements  in  his  unpublished  dissertation.  Graham  (2006) 
identified  V.  paysonensis  as  the  species  most  similar  to  V.  lapidicola 
based  on  the  possession  of  seven  inner  accessory  denticles  on  the 
pedipalp  chela  movable  finger.  He  distinguished  V.  lapidicola  as 
having  a more  planate  (fiattened)  carapace.  Also,  the  ratios  of 
carapace  length  over  width,  with  width  measured  at  the  median 
eyes,  are  reported  as  1.25  and  1.44  for  V.  lapidicola  and  V. 
paysonensis,  respectively.  There  was  no  indication  of  whether  these 
ratios  are  averages  or  from  single  specimens. 

Graham  (2007)  described  V.  cashi,  from  the  Chiricahua 
Mountains,  and  V.  fed,  from  the  Black  Range  in  New  Mexico, 
along  with  a redescription  of  V.  vorhiesi.  Graham  (2007) 
distinguished  V.  vorhiesi  from  the  other  two  species  by  its  larger 
size,  lighter  pigment  patterns,  and  the  presence  of  6-7  denticles 
on  the  third  denticle  row  of  the  pedipalp  chela  movable  finger 
instead  of  8-9  as  is  found  in  V.  cashi  and  V feti.  The  latter  two 
are  diagnosed  by  coloration  ( V.  cashi  is  red  or  mahogany  and  V. 
feti  is  brown)  and  by  the  presence  ( V.  cashi)  or  absence  ( V.  feti) 
of  a subaculear  tubercle  of  the  telson. 

The  most  recently  described  species  of  the  ""vorhiesi  complex" 
in  Arizona  was  V.  dehoerae  (Ayrey  2009).  Vaejovis  deboerae  is 
restricted  to  the  Santa  Catalina  Mountains  of  Arizona.  Ayrey 
(2009)  presented  a table  comparing  measurements  and  mor- 
phometric ratios  using  only  type  females  of  V.  vorhiesi,  V.  cashi, 
and  V.  feti,  and  using  the  holotype  of  V.  dehoerae  with  two 
other  specimens  (a  paratype  male  and  female).  However,  the 
only  measurements  included  from  the  two  paratypes  were  total 
length  and  carapace  length,  and  the  only  ratio  used  was 
metasomal  length/carapace  length.  He  used  multiple  specimens 
for  pectinal  tooth  counts.  Ayrey  (2009)  diagnosed  V.  deboerae 
from  V.  vorhiesi,  V.  cashi,  and  F. /bri  based  on  overall  body  size, 
apparently  based  on  the  measurements  of  only  type  specimens. 
He  compared  morphometric  ratios  of  V.  dehoerae  and  V. 
vorhiesi,  reporting  differences  in  means  of  ratios,  suggesting 
multiple  specimens  were  measured,  though  no  sample  size  was 
reported.  Vaejovis  dehoerae  was  also  indicated  as  being  different 
from  the  others  in  having  lighter  legs  and  a darker  body,  heavier 
granulation,  enlarged  dorsolateral  carinae  of  metasomal 
segment  I,  the  presence  of  an  enlarged  spinoid  denticle  on  the 
distal  end  of  the  dorsolateral  carinae  of  metasomal  segment  IV, 
longer  lateral  inframedian  carinae  on  metasomal  segments  II- 
III,  and  lateral  inframedian  carinae  present  on  the  distal  2/5  of 
metasomal  segment  IV.  Ayrey  (2009)  compared  pectinal  tooth 
counts  using  the  mean  count  of  each  population  and  performed 
student’s  /-tests  pair-wise  between  V.  deboerae  and  V.  vorhiesi, 
V.  cashi,  and  V.  feti.  All  3 tests  were  statistically  significant,  even 
though  the  means  for  V.  dehoerae  and  V.  vorhiesi  were  11.89 
and  12.39,  respectively,  which,  if  rounded  to  the  whole  numbers 
that  pectinal  teeth  are  counted  as,  may  both  be  considered  12 
and  therefore  may  not  truly  be  diagnostic.  Because  only  means 
are  reported,  no  sense  of  the  true  overlap  observed  by  Ayrey 
(2009)  can  be  obtained. 
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Figure  1. — Distribution  map  of  montane  scorpions  of  the  genus 
Vaejovis  found  in  Arizona.  Each  black  shape  represents  a collecting 
locality.  White  areas  represent  forests  in  Arizona,  usually  above 
1000  m.  Species  legend  in  lower  left  of  map  indicates  which  shapes 
represent  localities  for  each  of  the  six  species. 

METHODS 

Specimens. — Specimens  were  borrowed  from  the  American 
Museum  of  Natural  History,  New  York  (AMNH),  the 
California  Academy  of  Sciences,  San  Francisco  (CAS),  and 
W.  David  Sissom’s  personal  collection  (WDS).  The  specimens 
examined  originated  from  six  mountain  ranges  in  Arizona: 
Chiricahua,  Hiiachuca,  Pinaleno,  Santa  Catalina,  Santa  Rita, 
and  Sierra  Ancha  (Fig.  1).  Specimens  reported  as  being  from 
“Payson,  AZ”  are  grouped  with  the  Sierra  Ancha  specimens 
because  of  their  relatively  close  proximity  to  that  range.  I also 
examined  specimens  from  the  high  elevation  area  around 
Flagstaff  and  Sedona  (hereafter  collectively  referred  to  as 
“Sedona”).  Each  of  these  areas  was  used  because  each  has  a 
currently  described  species  of  the  ""vorhiesi  complex”  living 
there,  except  for  the  Pinaleno  Mountains. 

All  data  for  the  Huachuca  and  Santa  Rita  Mountains  are 
reported  separately  to  demonstrate  the  lack  of  diagnostic 
characters  for  those  two  groups  and  were  also  combined  to  aid 
in  comparison  of  that  species  with  other  species.  Combined 
data  from  the  Huachuca  and  Santa  Rita  Mountains  are 
denoted  as  Huachuca/Santa  Rita  in  the  tables. 

Meristic  Counts. — Pectinal  tooth  counts  for  males  and  females 
were  collected  from  each  population.  I examined  approximately 
730  specimens  for  pectinal  tooth  data  and  recorded  the  number  of 
times  each  count  was  present  for  each  population. 


Figure  2. — Development  of  subaculear  tubercles  on  the  telson  of 
Vaejovis  scorpions,  a.  single  poorly  developed  tubercle;  b.  single  well- 
developed  tubercle;  c.  multiple  tubercles. 


I counted  the  number  of  inner  accessory  denticles  on  the 
fixed  and  movable  fingers  of  both  pedipalp  chelae  for  20 
specimens,  10  male  and  10  female,  from  each  population.  In 
cases  where  20  specimens  were  not  available,  as  many  as  were 
available  were  counted.  I also  recorded  the  number  of  median 
denticles  on  each  of  the  denticle  subrows  for  6-12  specimens 
from  each  of  these  populations,  except  Sedona. 

Lateral  inframedian  carinae  for  metasomal  segments  II-IV 
were  examined.  All  carinae  began  at  the  distal  end  of  the 
segment  but  varied  by  how  far  they  extended  anteriorly.  Each 
Carina  was  categorized  by  the  percentage  of  the  segment  it 
occupied. 

Setal  maps,  containing  information  on  the  numbers  and 
patterns  of  setae  on  the  metasoma,  are  useful  for  distinguishing 
some  closely  related  groups  of  scorpions  (Yahia  & Sissom  1996: 
see  Discussion).  I created  metasomal  setal  maps  for  five 
specimens  from  each  of  the  seven  areas  to  see  if  consistent 
patterns  were  apparent  between  species  or  groups  of  species, 
with  the  intention  of  recording  setal  counts  and  drawing  more 
setal  maps  if  potentially  distinguishing  features  were  apparent. 
Numbers  and  positions  of  setae  were  so  varied  within  species 
that  no  further  counts  were  made  because  there  was  no  prospect 
of  finding  distinguishing  characters  from  the  setal  maps. 

Tarsomere  spinule  counts  were  examined  as  described  by 
McWest  (2009). 

Subaculear  tubercles. — Subaculear  tubercles  were  classified 
into  three  groups  based  on  the  number  or  development  of 
the  tubercle(s):  “single  poorly  developed  tubercle”,  “single 
well-developed  tubercle”,  and  “multiple  tubercles”  (Fig.  2).  I 
classified  individuals  with  a single  bifurcate  tubercle  as  having 
multiple  tubercles.  All  telsons  with  multiple  tubercles  were 
grouped  as  “multiple  tubercles”.  The  remaining  telsons  with 
single  tubercles  were  classified  as  being  “well-developed”  or 
“poorly  developed”  on  the  basis  of  the  angle  formed  between 
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Figure  3. — Diagram  of  Vaejovis  hemispermatophore  showing 
measurements.  Abbreviations:  LL,  lamina  length;  LW,  lamina  width; 
TrnkW,  trunk  width;  HL,  hook  length. 

the  aculeus  and  the  tip  of  the  tubercle.  I categorized  tubercles 
with  acute  angles  as  “well-developed”  and  those  with  obtuse 
angles  as  “poorly  developed”. 

Mensuration. — Right-side  hemispermatophores  were  ex- 
tracted and  examined  as  described  by  Sissom  et  al.  (1990: 
458).  Measurements  of  hemispermatophores  were  taken  of  the 
lamina  length,  lamina  width,  trunk  width,  and  hook  length  for 
each  of  the  hemispermatophores  (Fig.  3).  Lamina  length  was 
measured  from  the  tip  of  the  lamina  to  the  top  of  the  hooks.  I 
measured  lamina  width  as  a line  from  the  corner  of  the  lamina 
perpendicular  to  the  opposing  lamina  edge.  Trunk  width  was 
measured  across  the  widest  part  of  the  trunk  with  the  lamina 
plane  parallel  with  the  plane  of  the  microscope  stage.  In  all 
measurements,  the  points  were  lined  up  in  the  same  plane  of 
focus  to  ensure  accurate  measurement  of  the  distance  between 
the  points.  Hook  length  was  measured  from  the  bottom  of 
the  trough  to  the  top  of  the  hooks.  In  cases  where  the 
hemispermatophore  was  damaged,  I did  not  measure  aspects 
that  were  likely  to  be  affected  by  the  damage.  For  example,  the 
lamina  length  of  laminas  that  were  bent  was  not  measured. 
Three  ratios  were  constructed  from  these  measurements: 
lamina  length/lamina  width,  lamina  length/hook  length  and 
trunk  width/hook  length. 


1 measured  standard  features  of  the  scorpions  as  described 
by  Sissom  et  al.  (1990:452).  It  should  be  noted  that  the  proper 
interpretation  of  this  figure  is  that  the  measurement  should  be 
taken  between  the  two  points  of  the  feature  in  contact  with  the 
parallel  lines,  not  as  a perpendicular  measurement  between  the 
parallel  lines. 

A stage  micrometer  was  used  to  calibrate  the  ocular  scale  in 
the  microscope.  All  measurements  were  taken  in  millimeters.  I 
took  each  measurement  with  the  end  points  in  the  same  plane 
of  focus,  which  is  necessary  to  take  consistent  measurements 
because  the  slightest  degree  of  rotation  can  alter  the  apparent 
distance  between  the  two  points.  Measurements  were  taken 
from  20  males  and  20  females  from  each  of  the  populations  or 
as  many  as  were  available  when  there  were  less  than  20.  In  total, 
1 1 measurements  were  taken  and  eight  ratios  were  calculated. 

Statistics. — Percent  overlap  was  calculated  for  each  mea- 
surement and  ratio  in  pair-wise  fashion  between  each 
population.  I calculated  percent  overlap  by  first  taking  the 
minimum  and  maximum  values  of  a measurement  or  ratio 
from  two  different  populations.  Next,  1 took  the  difference 
between  the  larger  of  the  two  maximum  values  and  the  smaller 
of  the  two  minimum  values.  This  resulted  in  the  overall  range 
for  that  measurement  or  ratio.  Then  the  larger  of  the 
minimum  values  was  subtracted  from  the  smaller  of  the 
maximum  values.  A positive  value  meant  there  was  no  overlap 
between  the  two  populations.  A negative  value  meant  there 
was  at  least  some  degree  of  overlap  between  the  two 
populations.  If  there  was  overlap,  the  difference  between  the 
larger  minimum  and  smaller  maximum  was  divided  by  the 
difference  between  the  larger  maximum  and  the  smaller 
minimum  (the  total  range)  and  multiplied  by  100.  Cases 
where  the  minimum  and  maximum  of  one  population  were 
between  the  minimum  and  maximum  of  the  other  population 
were  considered  as  having  100%  overlap. 

Multiple  pair-wise  comparisons  of  data  can  inflate  the 
type-I  error  rate.  In  other  words,  it  makes  it  more  likely  to 
reject  a true  null  hypothesis.  Multivariate  statistics  prevent 
this  phenomenon  by  considering  all  data  simultaneously. 
1 conducted  canonical  discriminant  function  analysis  to  see  if 
there  were  differences  between  the  measurements  of  the 
populations.  The  measurements  used  were  carapace  length, 
metasoma  segment  III  length,  metasoma  segment  III  width, 
metasoma  segment  V length,  metasoma  segment  V width, 
femur  length,  femur  width,  chela  length,  chela  width,  fixed 
finger  length,  and  movable  finger  length.  I conducted  the 
analysis  separately  for  females  and  males  and  used  the  base  10 
logarithms  of  the  measurements  because  the  data  were  not 
normally  distributed.  My  calculations  were  performed  and 
figures  and  tables  were  created  with  SPSS  13.0  for  Windows 
Student  Version  (Apache  Software  Foundation  ® 2000). 

RESULTS 

Meristic  and  qualitative  characters. — Modal  pectinal  tooth 
counts  were  higher  for  males  and  females  of  the  Huachuca  and 
Santa  Rita  Mountains  and  lower  for  males  and  females  of  the 
Sierra  Ancha  Mountains  (Table  1 ).  Although  pectinal  tooth 
counts  overlap  greatly  depending  on  whether  a given  count  is 
expressed  in  a population,  large  sample  sizes,  such  as  those 
found  in  the  Chiricahua  Mountains,  demonstrate  that  the 
mode  is  a useful  character  because  there  are  typically  far  more 
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Table  1. — Distribution  of  pectinal  tooth  counts  for  montane  Vaejovis  scorpions  sampled  from  seven  areas  in  Arizona.  The  number  of  single 
pectines  (a  single  specimen  has  two  pectines)  that  display  a given  number  of  teeth  in  a geographic  area  can  be  found  by  locating  the  area  on  the 
left  and  reading  across  the  table.  Teeth  from  both  pectines  of  a specimen  were  counted  as  independent  pectines  unless  one  was  damaged  or 
missing,  in  which  case  only  teeth  from  the  whole  pectine  were  counted. 


Group 

Number  of  pectinal  teeth  per  pectine 

Mean 

Mode 

9 

10 

11 

12 

13 

14 

15 

16 

Males 

Huachuca 

7 

11 

2 

14.75 

15 

Santa  Rita 

2 

10 

50 

18 

15.05 

15 

Huachuca  -i-  Santa  Rita 

2 

17 

65 

20 

14.99 

15 

Sedona 

2 

2 

12 

8 

13.08 

13 

Sierra  Ancha 

3 

1 

12.25 

12 

Chiricahua 

1 

34 

233 

46 

4 

1 

13.07 

13 

Santa  Catalina 

1 

11 

6 

13.28 

13 

Pinaleno 

2 

28 

6 

13.11 

13 

Females 

Huachuca 

1 

38 

69 

12.59 

13 

Santa  Rita 

2 

42 

146 

40 

1 

12.98 

13 

Huachuca  + Santa  Rita 

3 

80 

215 

40 

1 

12.87 

13 

Sedona 

1 

1 

2 

8 

1 

11.64 

12 

Sierra  Ancha 

10 

46 

16 

11.08 

11 

Chiricahua 

59 

227 

50 

1 

10.98 

11 

Santa  Catalina 

16 

44 

7 

2 

11.93 

12 

Pinaleno 

29 

62 

5 

11.75 

12 

specimens  exhibiting  the  modal  count  than  other  counts, 
rather  than  the  modal  counts  being  represented  by  only  a few 
more  specimens  compared  to  other  counts. 

For  most  groups,  the  number  of  specimens  whose  count  of 
inner  accessory  denticles  along  both  the  movable  and  fixed 
pedipalp  chela  fingers  differed  from  the  mode  is  relatively  few 
(Table  2).  However,  others  have  a greater  a mount  of 
variability.  The  Pinaleno  and  Santa  Catalina  specimens,  for 
instance,  have  between  25%  and  40%  of  their  specimens 
differing  from  the  modes.  Aside  from  those  two,  the  general 
trend  observed  is  that  the  scorpions  in  the  southeastern 
portion  of  Arizona  have  six  and  five  inner  accessory  denticles 


for  the  pedipalp  chela  movable  and  fixed  fingers,  respectively, 
while  the  other  scorpions  have  seven  and  six. 

I found  no  distinguishing  differences  in  the  number  of 
denticles  within  each  median  denticle  subrow  of  the  fixed  and 
movable  fingers  of  the  pedipalp  chelae  because  of  the  wide 
overlap  between  groups  (Table  3). 

Wide  variability  in  lateral  inframedian  carinal  development 
for  metasomal  segments  II-IV  rendered  this  character  useless 
in  distinguishing  these  groups  from  one  another  (Tables  4-6). 

The  Huachuca,  Santa  Rita,  Sedona,  and  Sierra  Ancha 
specimens  had  a majority  of  specimens  with  one  poorly 
developed  tubercle.  The  Pinaleno  specimens  mostly  had 


Table  2. — Distribution  of  inner  accessory  denticle  counts  on  the  pedipalp  chela  fingers  for  montane  Vaejovis  scorpions  sampled  from  seven 
geographic  areas  in  Arizona.  The  values  in  the  middle  of  the  table  indicate  the  number  chela  fingers  that  display  the  given  number  of  denticles  (as 
labeled  at  the  top  of  the  column)  found  from  a sample  of  individuals  from  a geographic  area  (as  labeled  at  the  left  of  the  row).  Mean  and  modal 
counts  are  presented  on  the  right. 


Pedipalp  chela  finger 

Group 

4 

# Inner  accessory  denticles 

5 6 7 

8 

Mode 

Mean 

Movable 

Huachuca 

5 

35 

6 

5.9 

Santa  Rita 

6 

34 

6 

5,9 

Huachuca  + Santa  Rita 

11 

69 

6 

5.9 

Sedona 

4 

35 

1 

7 

6.9 

Sierra  Ancha 

2 

1 

37 

7 

6.9 

Chiricahua 

3 

37 

6 

5.9 

Santa  Catalina 

2 

38 

6 

6 

Pinaleno 

1 

38 

6 

6 

Fixed 

Huachuca 

1 

39 

5 

5 

Santa  Rita 

1 

39 

5 

5 

Huachuca  -f  Santa  Rita 

2 

78 

5 

5 

Sedona 

40 

6 

6 

Sierra  Ancha 

2 

38 

6 

6 

Chiricahua 

2 

38 

5 

5 

Santa  Catalina 

11 

29 

6 

5.7 

Pinaleno 

24 

16 

5 

5.4 
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Table  3. — Ranges  in  the  number  of  denticles  found  on  each  subrow  of  the  median  denticles  row  on  the  pedipalp  chela  fingers  of  montane 
Vaejovis  scorpions  from  six  geographic  areas  in  Arizona.  Each  column  of  numbers  represents  a different  subrow  of  median  denticles  and  columns 
are  listed  left  to  right  from  most  distal  to  most  proximal.  Note  the  variation  and  overlap  between  populations. 


Movable  finger 


Fixed  finger 


Group 

Distal  end 

Proximal  end 

Distal  end 

Proximal  end 

size 

Huachuca 

0-2 

5-8 

7-10 

8-10 

7-10 

16-25 

4-6 

6-9 

7-9 

6-9 

7-10 

14-24 

11 

Santa  Rita 

1-2 

5-7 

6-10 

7-10 

7-10 

16-27 

3-7 

5-8 

6-10 

6-9 

7-9 

13-27 

10 

Sierra  Ancha 

1-2 

6-8 

8-10 

8-11 

8-10 

19-25 

5-8 

7-9 

7-10 

6-9 

7-9 

15-22 

6 

Chiricahua 

0-2 

4-7 

6-9 

7-9 

7-9 

18-24 

4-6 

5-7 

6-8 

6-8 

6-9 

12-18 

12 

Santa  Catalina 

0-2 

6-8 

7-9 

7-9 

8-0 

19-28 

4-7 

6-9 

7-9 

5-9 

6-10 

14-26 

10 

Pinaleno 

0-2 

4-7 

7-9 

6-9 

6-11 

17-27 

2-6 

6-7 

6-9 

6-8 

7-10 

1-29 

10 

multiple  tubercles.  The  Chiricahuas  had  about  half  with 
multiple  tubercles  and  half  with  well-deveioped  tubercles,  but 
none  with  poorly  developed  tubercles.  The  Santa  Catalina 
specimens  mostly  had  a single  well-developed  tubercle 
(Table  7). 

The  setal  positioning  as  determined  from  the  setal  maps  varied 
widely,  and  no  distinguishing  differences  were  found  from  it 
(Fig.  6).  Tarsomere  II  spinule  counts  also  appeared  inconsistent 
and  counts  overlapped  greatly  between  populations. 

Morphometric  characters. — Gross  morphology  of  hemisper- 
matophores  appeared  quite  variable.  I found  many  potential 
characters  to  be  absent  from  specimens  within  a population 
but  present  in  specimens  from  other  populations.  However, 
ratios  of  measurements  from  the  hemispermatophores  did 
reveal  some  differences.  In  particular,  the  Chiricahua  speci- 
mens had  much  shorter  laminas  relative  to  the  hook  length. 
This  ratio  was  consistently  smaller  and  non-overlapping  with 
any  other  group  (Table  8). 

Female  measurements  and  ratios  seemed  less  able  to 
distinguish  species  than  male  measurements  and  ratios 
(Tables  9,  10).  Perhaps  the  most  frequent  distinguishing 
difference  between  two  species  is  the  metasomal  segment  III 
length-over-width  ratio.  Chela  length-over-width  ratios  were 
also  informative. 

Discriminant  function  analysis. — The  discriminant  function 
analyses  created  six  functions  because  there  were  seven 
populations.  Of  these,  the  first  two  are  responsible  for  most 
of  the  differences  between  groups  (Figs.  4,  5).  For  the  females, 


function  1 was  most  highly  correlated  with  metasoma  segment 
III  width,  but  none  of  the  correlations  between  function  I and 
the  measured  features  were  very  high.  Function  2,  however, 
was  very  highly  correlated  with  all  the  measured  features.  For 
the  males,  function  1 was  most  highly  correlated  with  chela 
width.  Function  2 was  highly  correlated  with  all  the  remaining 
measured  features,  but  of  those  the  two  metasomal  length 
measurements  contributed  the  most.  The  male  groups  were 
separated  with  little  overlap  when  plotted.  The  groups  with  the 
most  overlap  were  Santa  Rita,  Santa  Catalina,  and  Huachuca, 
which  is  interesting  because  these  mountain  ranges  are  fairly 
close  to  one  another.  The  plot  of  female  specimens  had  a lot 
more  overlap.  The  Santa  Catalina  group  was  the  only  one  that 
did  not  overlap  with  any  other  group.  SPSS  also  reclassified 
all  specimens  using  the  discriminant  functions  it  created 
(Tables  11,  12).  The  male  reclassification  had  a higher  percent 
of  correct  reclassification  (95.7%)  than  the  female  reclassifi- 
cation (86.8%).  This  was  likely  an  effect  of  the  difference  in- 
group overlap  mentioned  above. 

DIAGNOSIS 

The  following  diagnoses  refer  to  the  currently  described 
mexicanus  group  scorpions  from  Arizona  and  use  the  scientific 
names.  For  these  diagnoses,  my  study  locations  refer  to  the 
following  species:  Huachuca  = V.  vorhiesi  in  part;  Santa  Rita  = 
V.  vorhiesi  in  part;  Huachuca/Santa  Rita  = V.  vorhiesi  using 
combined  data  from  the  Huachucas  and  Santa  Ritas;  Sedona  = 
V.  lapidicola;  Sierra  Ancha  = V.  paysonensis;  Chiricahua  = V. 


Table  4. — Distribution  of  development  of  lateral  inframedian  carina  of  metasomal  segment  II  on  montane  Vaejovis  scorpions  sampled  from 
seven  geographic  areas  in  Arizona.  Carinal  development  is  expressed  as  percent  of  sample  size  exhibiting  a given  amount  of  carinal  development. 
Development  of  the  lateral  inframedian  carina  of  metasomal  segment  II  is  expressed  as  proportion  of  the  segment  that  has  the  carina  present.  All 
lateral  inframedian  carinae  begin  at  the  posterior  end  and  extend  anteriorly.  For  example,  14.3%  of  the  21  Santa  Rita  specimens  had  carinae  that 
extended  half  way  along  the  length  of  the  segment  from  the  posterior  end. 


% Specimens  with  inframedian  carina  II  extending  anteriorly  Sample 


Group 

0 

1/5 

1/4 

1/3 

2/5 

1/2 

3/5 

2/3 

3/4 

4/5 

5/6 

1/1 

size 

Huachuca 

27.7 

4.5 

59.1 

4.5 

9.1 

22 

Santa  Rita 

14.3 

9.5 

47.6 

23.8 

4.8 

21 

Huachuca  + Santa  Rita 

7.0 

16.3 

2.3 

53.5 

14.0 

7.0 

43 

Sedona 

11.1 

11.1 

22.2 

22.2 

11. 1 

11.1 

11.1 

9 

Sierra  Ancha 

4.5 

13.6 

31.8 

13.6 

27.3 

4.5 

4.5 

22 

Chiricahua 

4.5 

3.2 

4.5 

13.6 

13.6 

22.7 

9.1 

22 

Santa  Catalina 

4.2 

4.2 

8.3 

50.0 

4.2 

29.2 

24 

Pinaleno 

4.3 

8.7 

4.3 

47.8 

26.1 

8.7 

23 
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Table  5. — Distribution  of  development  of  lateral  iiiframedian  carina  of  metasonial  segment  III  on  montane  Vaejovis  scorpions  sampled  from 
seven  geographic  areas  in  Arizona.  Carinal  development  is  expressed  as  percent  of  sample  size  exhibiting  a given  amount  of  carinal  development. 
Development  of  the  lateral  inframedian  carina  of  metasomal  segment  III  is  expressed  as  proportion  of  the  segment  that  has  the  carina  present. 
Ail  lateral  iiiframedian  carinae  begin  at  the  posterior  end  and  extend  anteriorly. 


% Specimens  with  infraniedian  carina  IV  extending  anteriorly 


Group 


1/5 


1/4 


1/3 


2/5 


1/2 


3/5 


2/3 


3/4 


4/5 


5/6 


Sample 

1/1  size 


Huachuca 

50.0 

13.6 

22.7 

9.1 

4.5 

22  [ 

Santa  Rita 

28.6 

4.8 

4.8 

28.6 

9.5  9.5 

14.3 

21 

Huachuca  + Santa  Rita 

39.5 

9.3 

2.3 

25.6 

9.3  4.7 

9.3 

43  1 

Sedona 

88.9 

11.1 

9 

Sierra  Ancha 

50.0 

13.6 

9.1 

13.6 

9.1 

4.5 

22  1 

Chiricahiia 

7.7 

1.5 

23.1 

15.4 

15.4 

15.4 

7.7 

22 

Santa  Catalina 

29.2 

4.2 

33.3 

4.2 

25.0 

24 

Pinaleiio 

26.1 

4.3 

8.7 

8.7 

27.1 

8.7 

21.7 

23  I 

cashh  Santa  Catalina 

= V. 

dehoerae. 

A new  species 

from 

Gertsch,  3 males,  13  females  (AMNH);  Upper  Carr  Canyon, 

the  Pinaleho  Mountains  is 

described 

following 

the 

other 

31°25'N,  110°18'W, 

22  July  1955,  W.J.  Gertsch, 

3 males,  7 

diagnoses. 

females  (AMNH);  Lower  Carr  Canyon,  31°26'N, 

110°17'W, 

Vaejovis  voiiiiesi  Stahnke  1940 

Vejovis  vorhiesi  Stahnke  1940:102  (original  description); 

Soleglad  1973:359,  361,  363,  364;  Stahnke  1974:135. 
Vaejovis  vorhiesi:  Sissom  1991:221-222;  Sissom  1997:13; 
Kovarik  1998:148;  Graham  2006:3,  6;  Graham  2007:1-6, 
9,  10,  13;  Ayrey  2009:1,  3,  5-9,  figs.  7,  9,  12,  13. 

Type  materiaL — Lectotype:  adult  female,  Miller  Canyon 
(31°24'N,  1 10°17'W),  Huachiica  Mountains,  Cochise  County, 
Arizona,  USA  (CAS  Type  No.  15172);  not  examined.  A 
second  specimen  (a  paralectotype),  a male  from  the  Santa 
Catalina  Mountains,  is  referable  to  V.  dehoerae  Ayrey  2009. 

Material  examined. — USA:  Arizona:  Cochise  County,  Hua- 
chuca  Mountains:  Ramsey  Canyon,  31°26'N,  110°18'W,  10- 
15  July  1941,  A.B.  Klots,  1 male  (AMNH);  Montezuma  Pass, 
31°2rN,  110°17'W,  1829  m,  4 June  1952,  M.  Cazier,  W. 
Gertsch  & R.  Schrammel,  1 female  (AMNH);  Sierra  Vista, 
31°32'N,  110°16'W,  2134  m,  under  rocks,  17  July  1971, 
G.  Bawden,  3 females  (AMNH);  Carr  Canyon,  3r26'N, 
110°17'W,  3 June  1952,  M.  Cazier,  W.  Gertsch  & R. 
Schrammel,  2 males,  19  females,  1 juvenile  (AMNH);  Carr 
Canyon  Rd.,  1.8  km  NNE  Carr  Peak,  31°25'N,  110°17'W, 
2195  m,  19  June  1976,  2 females  (AMNH);  Carr  Canyon, 
31°26'N,  110°17'W,  2289  m,  31  July  1949,  W.J.  & J.W. 


21  July  1955,  W.J.  Gertsch,  1 female  (AMNH);  Carr  Canyon, 
in  pines,  31°25'N,  110°17'W,  9 May  1961,  W.J.  Gertsch,  1 
male  (AMNH);  1.6  km  W of  Montezuma  Pass,  31°2i'N, 
110°17'W,  6 September  1950,  2 females  (AMNH);  Coronado 
National  Forest,  Carr  Canyon,  Carr  Canyon  Road,  rocky 
road  cut  slope,  3r26.069'N,  1 10°16.909'W,  1972  m,  21  June 
2006,  W.  Savary,  R.  Mercurio,  2 males  (AMNH/AMNH- 
ARA  00002511);  Coronado  National  Forest,  Carr  Canyon, 
Carr  Canyon  Road,  rocky  road  cut  slope,  31°25.909'N, 
1 10°17.053'W,  2112  m,  21  June  2006,  W.  Savary,  R.  Mercurio, 
2 males,  1 female  (AMNH/AMNH-ARA  00002516);  Cor- 
onado National  Forest,  Carr  Canyon,  Carr  Canyon  Road, 
rocky  road  cut  slope,  21  June  2006,  W.  Savary,  R.  Mercurio: 
31°25.946'N,  1 10°17.052'W,  2061  m,  2 females  (AMNH-ARA 
00002512)  & 31°25.812'N,  1 10°17.208'W,  2188  m,  3 males,  5 
females,  2 subadiilt  males,  1 juvenile  (AMNH/AMNH-ARA 
00002508){AMNH).  Santa  Cruz  Co.,  Santa  Rita  Mountains: 
Box  Canyon,  31°47'N,  1 10°46'W,  29  August  1952,  B.  Malkin, 
1 female  (AMNH);  Madera  Canyon,  31°42N,  110°52'W,  7 
June  1952,  M.  Cazier,  W.  Gertsch,  R.  Schrammel,  3 males,  41 
females,  I juvenile  (AMNH)  & 31  July  1952,  Nutting,  Warner, 
1 female  (AMNH)  & O.  Bryant,  1 female,  1 juvenile  (AMNH); 
along  trail  to  Mt.  Wrightson,  3r42N,  liO°52'W,  21  Septem- 
ber 1970,  R.C.A.  Rice,  23  males,  20  females,  7 juveniles 


Table  6. — Distribution  of  development  of  lateral  infraniedian  carina  of  metasomal  segment  IV  on  montane  Vaejovis  scorpions  sampled  from 
seven  geographic  areas  in  Arizona.  Carinal  development  is  expressed  as  percent  of  sample  size  exhibiting  a given  amount  of  carinal  development. 
Development  of  the  lateral  inframedian  carina  of  metasomal  segment  IV  is  expressed  as  proportion  of  the  segment  that  has  the  carina  present. 
All  lateral  inframedian  carinae  begin  at  the  posterior  end  and  extend  anteriorly. 

% Specimens  with  inframedian  carina  III  extending  anteriorly  . 


Group 

0 

1/5 

1/4 

1/3 

2/5 

1/2 

3/5 

2/3 

3/4 

4/5 

5/6 

1/1 

size 

Huachuca 

9.1 

22.7 

59.1 

4.5 

4.5 

22 

Santa  Rita 

9.5 

9.5 

9.5 

52.4 

14.3 

4.8 

21 

Huachuca  + Santa  Rita 

9.3 

16.3 

4.7 

55.8 

9.3 

4.7 

43 

Sedona 

33.3 

33.3 

33.3 

9 

Sierra  Ancha 

13.6 

4.5 

40.9 

13.6 

9.1 

13.6 

4.5 

22 

Chiricahua 

4.5 

4.5 

18.2 

27.3 

4.5 

13.6 

18.2 

9.1 

22 

Santa  Catalina 

8.0 

12.0 

8.0 

52.0 

8.0 

12.0 

24 

Pinaleno 

4.3 

13.0 

4.3 

8.7 

4.3 

17.4 

26.1 

17.4 

4.3 

23 
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Table  7. — Development  of  subaculear  tubercles  in  montane  Vaejovis  sampled  from  seven  geographic  areas  in  Arizona  expressed  as  percentage 
of  specimens  examined  from  each  area  that  displayed  a given  condition  of  subaculear  tubercle.  Sample  sizes  of  specimens  examined  from  each 
area  are  given  on  the  right. 


% Sample  whose  telson  exhibits  each  state  of  subaculear  development 


Group 

Multiple  tubercles 

1 Well-developed 

1 Poorly  developed 

Sample  size 

Huachuca 

0 

0 

100 

85 

Santa  Rita 

1 

0 

99 

102 

Huachuca  + Santa  Rita 

1 

0 

99 

187 

Sedona 

3 

7 

90 

30 

Sierra  Ancha 

20 

8 

72 

36 

Chiricahua 

50 

50 

0 

107 

Santa  Catalina 

22 

65 

13 

43 

Pinaleno 

77 

20 

3 

61 

(AMNH)  & 22  August  1966,  S.C.  Williams,  3 males  (CAS); 
Big  Rock  Camp,  31°42N,  110°52'W,  10  September  1941,  W. 
Ivie,  1 female  (AMNH);  Roundup  Camp,  3r42'N,  !10°52'W, 
11  September  1941,  W.  Ivie,  2 females,  12  juveniles  (AMNH) 
& 23  March  1960,  W.J  Gertsch,  W.  Ivie  & R.  Schrammel,  12 
females  (AMNH)  & 27  July  1949,  W.J.  & J.W.  Gertsch,  2 
males,  7 females  (AMNH)  & 27  July  1949,  W.J.  & J.W. 
Gertsch,  5 males,  15  females  (AMNH)  & 15  August  1955,  W.J. 
Gertsch,  1 male,  1 female  (AMNH)  & 13  September  1963, 
WJ.  Gertsch,  1 male,  3 females  (AMNH)  & 19  July  1962,  W.J. 
Gertsch,  1 male,  3 females  (AMNH)  & 19  July  1949,  W.J. 
Gertsch,  1 male,  3 females  (AMNH);  Madera  Canyon, 
3r42N,  110°52'W,  29  March  2008,  B.  Anderson  & D. 
Crump,  31°42.875'N,  1 10°52.6625'W,  1 subadult  female,  1 
female  (AMNH/AMNH  LP  8336);  above  Mt.  Wrightson 
Trailhead  Parking,  3i°42'N,  110°52'W,  25  July  2008,  H.M. 
Burrell  & K.J.  McWest,  31°42.72666'N1 10°52.43832'W,  2 
females  (AMNH/AMNH  LP  8960).  Pima  County,  Santa: 
Cave  Creek  Canyon  into  Florida  Canyon,  trail  at  end  of 


Gardner  Canyon  Road,  20  July  2008,  K.  Ksepka  & M.  Rubio, 
I female,  (AMNH/AMNH  LP  8931). 

Diagnosis. — Specimens  from  the  Huachuca  Mountains  and 
the  Santa  Rita  Mountains  can  be  considered  as  a single 
species,  because  there  are  no  characters  that  distinguish  one 
from  the  other.  This  species  is  identified  as  V.  vorhiesi  because 
the  lectotype  of  the  species  selected  by  Graham  (2007)  was 
taken  from  the  Huachuca  Mountains.  It  can  be  distinguished 
from  the  other  scorpions  in  this  group  by  having  higher 
pectinal  tooth  counts  with  male  mode  15,  range  13-16  and 
female  mode  13,  range  11-15. 

Vaejovis  vorhiesi  can  be  distinguished  from  V.  lapidicola  and 
V.  paysonensis  by  having  fewer  inner  accessory  denticles  on  the 
pedipalp  chela  fingers  with  5 on  fixed  finger  (6  in  V.  lapidicola 
and  V.  paysonensis)  and  6 on  movable  finger  (7  in  V.  lapidicola 
and  V.  paysonensis).  Vaejovis  vorhiesi  can  be  further  distin- 
guished from  V.  lapidicola  by  the  following  features  {V. 
lapidicola  features  follow  in  parentheses):  stouter  metasoma 
segment  III,  with  length/width  ratio  ranging  from  2.40-3.19 


Table  8. — Hemispermatophore  ratios  that  overlap  by  10%  or  less  between  two  groups  of  montane  Vaejovis  scorpions  grouped  by  seven 
geographic  areas  in  Arizona.  Actual  percent  overlap  is  listed  in  the  column  on  the  right. 


Male  hemispermatophore  ratios  with  10%  overlap  or  less 


Group  1 

Group  2 

Measurement  or  ratio 

% Overlap 

Huachuca 

Sierra  Ancha 

Lamina  L/Lamina  W 

0 

Huachuca 

Sierra  Ancha 

Lamina  L/Hook  L 

0 

Huachuca 

Sierra  Ancha 

Trunk  W/Hook  L 

2.93 

Huachuca 

Chiricahua 

Lamina  L/Hook  L 

0 

Santa  Rita 

Sedona 

Lamina  L/Lamina  W 

0 

Santa  Rita 

Sierra  Ancha 

Lamina  L/Hook  L 

0 

Santa  Rita 

Sierra  Ancha 

Trunk  W/Hook  L 

2.21 

Santa  Rita 

Chiricahua 

Lamina  L/Lamina  W 

0 

Santa  Rita 

Chiricahua 

Lamina  L/Hook  L 

0 

Huachuca/Santa  Rita 

Sierra  Ancha 

Lamina  L/Lamina  W 

0 

Huachuca/Santa  Rita 

Chiricahua 

Lamina  L/Hook  L 

0 

Sedona 

Sierra  Ancha 

Trunk  W/Hook  L 

0 

Sedona 

Chiricahua 

Lamina  L/Hook  L 

0 

Sedona 

Chiricahua 

Trunk  W/Hook  L 

0 

Sierra  Ancha 

Chiricahua 

Lamina  L/Hook  L 

0 

Sierra  Ancha 

Santa  Catalina 

Lamina  L/Hook  L 

2.71 

Chiricahua 

Santa  Catalina 

Lamina  L/Hook  L 

0 

Pinaleno 

Santa  Rita 

Lamina  L/Hook  L 

0 

Pinaleno 

Sedona 

Trunk  W/Hook  L 

0 

Pinaleno 

Chiricahua 

Lamina  L/Hook  L 

0 
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Table  9. — Female  measurements  and  ratios  that  overlap  by  10%  or 
less  between  two  groups  of  montane  Vaejovis  scorpions  grouped  by 
seven  geographic  areas  in  Arizona.  Actual  percent  overlap  is  listed  in 
the  column  on  the  right. 


Female  measurements/ratios  with  10%  overlap  or  less 

Measurement 

% 

Group  1 

Group  2 

or  ratio 

Overlap 

Huacliuca 

Sedona 

III  L/III  W 

6.35 

Huachuca 

Sierra  Ancha 

III  W 

7.88 

Huacliuca 

Sierra  Ancha 

ChL/ChW 

1.34 

Huachuca 

Sierra  Ancha 

FFL/ChL 

0 

Huachuca 

Chiricahua 

FFL/CaL 

9.14 

Huachuca 

Chiricahua 

FFL/ChL 

6.2 

Huachuca 

Santa  Catalina 

CaL 

0 

Huachuca 

Santa  Catalina 

III  L 

9.73 

Huachuca 

Santa  Catalina 

ChL 

4.61 

Huachuca 

Santa  Catalina 

ChW 

0 

Huachuca 

Santa  Catalina 

FFL 

6.12 

Santa  Rita 

Sedona 

III  L/III  W 

0 

Santa  Rita 

Sierra  Ancha 

ChL/ChW 

1.5 

Santa  Rita 

Sierra  Ancha 

MFL/ChW 

0 

Santa  Rita 

Sierra  Ancha 

FFL/ChL 

7.4 

Santa  Rita 

Chiricahua 

FFL/CaL 

5.96 

Santa  Rita 

Santa  Catalina 

CaL 

0 

Santa  Rita 

Santa  Catalina 

V L 

8.69 

Santa  Rita 

Santa  Catalina 

ChL 

4.65 

Santa  Rita 

Santa  Catalina 

ChW 

0 

Santa  Rita 

Santa  Catalina 

FFL 

9.76 

Huachuca/Santa  Rita 

Sedona 

III  L/III  W 

6.06 

Huachuca/Santa  Rita 

Sierra  Ancha 

ChL/ChW 

1.34 

Huachuca/Santa  Rita 

Sierra  Ancha 

FFL/ChL 

7.4 

Huachuca/Santa  Rita 

Chiricahua 

FFL/CaL 

7.99 

Huachuca/Santa  Rita 

Santa  Catalina 

CaL 

0 

Huachuca/Santa  Rita 

Santa  Catalina 

ChL 

4.61 

Huachuca/Santa  Rita 

Santa  Catalina 

ChW 

7.17 

Huachuca/Santa  Rita 

Santa  Catalina 

FFL 

9.44 

Sedona 

Sierra  Ancha 

III  L/llI  W 

4.03 

Sierra  Ancha 

Santa  Catalina 

CaL 

0 

Sierra  Ancha 

Santa  Catalina 

111  L 

0 

Sierra  Ancha 

Santa  Catalina 

III  W 

0 

Sierra  Ancha 

Santa  Catalina 

V w 

0.22 

Sierra  Ancha 

Santa  Catalina 

ChL 

8.43 

Sierra  Ancha 

Santa  Catalina 

FFL 

0.19 

Sierra  Ancha 

Santa  Catalina 

MFL 

8.19 

Chiricahua 

Sedona 

III  L 

3.15 

Chiricahua 

Sedona 

FemL 

7.46 

Chiricahua 

Sedona 

ChL 

5.05 

Chiricahua 

Sedona 

FFL 

7.59 

Chiricahua 

Sedona 

FFL/CaL 

0 

Chiricahua 

Sedona 

111  L/III  W 

0 

Chiricahua 

Santa  Catalina 

CaL 

0 

Chiricahua 

Santa  Catalina 

III  L 

0 

Chiricahua 

Santa  Catalina 

III  W 

3.68 

Chiricahua 

Santa  Catalina 

V L 

0 

Chiricahua 

Santa  Catalina 

V w 

0 

Chiricahua 

Santa  Catalina 

FemL 

4.14 

Chiricahua 

Santa  Catalina 

FemW 

6.96 

Chiricahua 

Santa  Catalina 

ChL 

0 

Chiricahua 

Santa  Catalina 

ChW 

0 

Chiricahua 

Santa  Catalina 

FFL 

0 

Chiricahua 

Santa  Catalina 

MFL 

0.39 

Pinaleno 

Sedona 

III  L/III  W 

0 

Pinaleno 

Chiricahua 

V W 

7.59 

Pinaleno 

Santa  Catalina 

CaL 

8.56 

Table  9. — Continued. 


Female  measurements/ratios  with  10%  overlap  or 

less 

Group  1 

Group  2 

Measurement 

or  ratio 

Overlap 

Pinaleno 

Santa  Catalina 

V L 

5.13 

Pinaleno 

Santa  Catalina 

ChL 

4.74 

Pinaleno 

Santa  Catalina 

ChW 

9.63 

(3.15-3.78)  in  females  and  0.95-1.2  (1.20-1.37)  in  males;  more 
slender  pedipalps  in  males,  with  chela  length/width  ratio  4.34- 
5.54  (3.78-4.25);  smaller  size  of  males  in  the  following 
measurements:  carapace  length  2.40-3.19  (3.15-3.78),  meta- 
soma 111  length  1.35-1.86  (1.80-2.28),  femur  length  2.05-2.75 
(2.80-3.43),  chela  length  3.35^.54  (4.94-6.16),  chela  width 
0.71-0.97  (1.23-1.16),  fixed  finger  length  1.63-2.3  (2.42-3.19), 
movable  finger  length  2.05-2.92  (3.01-3.85).  Vaejovis  vorhiesi 
can  be  further  distinguished  from  V.  paysonensis  by  the 
following  characters  ( V.  paysonensis  characters  follow  in 
parentheses):  chela  more  slender  with  chela  length/width 
4.24^.95  (3.70-4.25)  in  females  and  4.34-5.54,  (3.68-3.91) 
in  males;  hemispermatophore  lamina  more  slender  with 
lamina  length/width  ratio  4.25-4.63  (3.50^.25);  male  chela 
palm  narrower  with  chela  width  0.71-0.97  (1.13-1.13). 

Vaejovis  vorhiesi  can  be  distinguished  from  V.  cashi  by  the 
following  characters  ( V.  cashi  characters  follow  in  parenthe- 
ses): subaculear  tubercle  present  only  as  a low  mound  (well- 
developed  and/or  multiple  tubercles  present);  larger  size  in  all 
male  measurement  lengths  except  carapace  length,  larger 
hemispermatophore  lamina  length/hook  length  ratio  2.35-3.09 
(1.93-2.00). 

Vaejovis  vorhiesi  can  be  distinguished  from  V.  deboerae  by 
the  following  characters  ( V.  deboerae  characters  follow  in 
parentheses):  modal  count  of  chela  fixed  finger  inner  accessory 
denticles  5 (6);  subaculear  tubercles  present  only  as  a low 
mound  (present  14%  of  the  time  as  low  mound,  more  often 
well-developed  or  present  as  multiple  tubercles);  carapace 
length  shorter  with  3.10-3.80  (4.00-5.24)  in  females  and  2.40- 
3.19  (3.10-3.66)  in  males;  chelae  smaller  with  length  4.65-5.44 
(5.28-8.13)  in  females  and  width  0.99-1.23  (1.26-1.90)  in 
females,  0.71-0.97  (0.96-1.23)  in  males. 

Distribution. — Vaejovis  vorhiesi  is  known  from  the  Huachua 
and  Santa  Rita  Mountains,  Cochise  County  and  Santa  Cruz 
County,  in  southeastern  Arizona,  USA. 

Vaejovis  lapidicola  Stahnke  1940 
Vejovis  lapidicola  Stahnke  1940:102  (original  description); 

Stahnke  1974:135. 

Vaejovis  lapidicola:  Kovarik  1998:147;  Graham  2006:1-6,  figs. 

1-12;  Graham  2007:1,  3,  13. 

Type  material. — Syntypes:  3 females  (CAS,  Type  No.  15171, 
HLS  no.  74.0,  HLS  no.  71.1),  1 male  (CAS,  Type  No.  10170), 
1.6  km  E of  Flagstaff,  Coconino  County,  Arizona,  USA. 

Material  examined. — USA:  Arizona:  Coconino  County: 
Flagstaff,  35°12'N,  111°38'W,  4 June  1949,  A.R.  Phillips,  2 
females  (AMNH)  & 2164  m,  MNA,  July  1947,  J.  Ferriss,  1 
male  (AMNH)  & 17  June  1943,  1 female  (AMNH);  ca.  24  km  N 
Sedona  on  US  89A,  35°02'N,  111°44'W,  19  August  2009,  T. 
Anton,  Casper  & W.D.  Sissom,  3 males,  1 female  (AMNH); 
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Table  10. — Male  measurements  and  ratios  that  overlap  by  10%  or 
less  between  two  groups  of  montane  Vciejovis  scorpions  grouped  by 
seven  geographic  areas  in  Arizona.  Actual  percent  overlap  is  listed  in 
the  column  on  the  right. 


Male  measurements/ratios  with  10%  overlap  or 

less 

Group  1 

Group  2 

Measurement 
or  ratio 

Overlap 

Huachuca 

Sedona 

CaL 

2.88 

Huachuca 

Sedona 

III  L 

7.44 

Huachuca 

Sedona 

FemL 

0 

Huachuca 

Sedona 

ChL 

0 

Huachuca 

Sedona 

ChW 

0 

Huachuca 

Sedona 

FFL 

0 

Huachuca 

Sedona 

MFL 

0 

Huachuca 

Sedona 

ChL/ChW 

0 

Huachuca 

Sedona 

MFL/ChW 

4.94 

Huachuca 

Sierra  Ancha 

ChW 

0 

Huachuca 

Sierra  Ancha 

ChL/ChW 

0 

Huachuca 

Sierra  Ancha 

MFL/ChW 

0 

Huachuca 

Sierra  Ancha 

CaL/V  L 

0 

Huachuca 

Chiricahua 

CaL 

7.04 

Huachuca 

Chiricahua 

III  L 

0 

Huachuca 

Chiricahua 

V L 

0 

Huachuca 

Chiricahua 

V W 

8.15 

Huachuca 

Chiricahua 

FemL 

0 

Huachuca 

Chiricahua 

FemW 

4.89 

Huachuca 

Chiricahua 

ChL 

3.32 

Huachuca 

Chiricahua 

FFL 

4.78 

Huachuca 

Chiricahua 

MFL 

0.29 

Huachuca 

Santa  Catalina 

CaL 

7.37 

Huachuca 

Santa  Catalina 

ChW 

1.75 

Huachuca 

Santa  Catalina 

ChL/ChW 

4.11 

Santa  Rita 

Sedona 

CaL 

0 

Santa  Rita 

Sedona 

III  L 

0 

Santa  Rita 

Sedona 

V L 

0 

Santa  Rita 

Sedona 

V w 

6.6 

Santa  Rita 

Sedona 

FemL 

0 

Santa  Rita 

Sedona 

FemW 

0 

Santa  Rita 

Sedona 

ChL 

0 

Santa  Rita 

Sedona 

ChW 

0 

Santa  Rita 

Sedona 

FFL 

0 

Santa  Rita 

Sedona 

MFL 

0 

Santa  Rita 

Sedona 

ChL/ChW 

0 

Santa  Rita 

Sedona 

MFL/ChW 

0 

Santa  Rita 

Sedona 

FFL/CaL 

0 

Santa  Rita 

Sedona 

III  L/IIl  W 

0 

Santa  Rita 

Sierra  Ancha 

ChL 

0 

Santa  Rita 

Sierra  Ancha 

ChW 

0 

Santa  Rita 

Sierra  Ancha 

ChL/ChW 

0 

Santa  Rita 

Sierra  Ancha 

MFL/ChW 

0 

Santa  Rita 

Sierra  Ancha 

V L/V  W 

4.51 

Santa  Rita 

Sierra  Ancha 

CaL/V  L 

0 

Santa  Rita 

Chiricahua 

HI  L 

7.24 

Santa  Rita 

Chiricahua 

V L 

8.54 

Santa  Rita 

Chiricahua 

FemL 

4.99 

Santa  Rita 

Chiricahua 

FFL 

4.26 

Santa  Rita 

Chiricahua 

MFL 

7.77 

Santa  Rita 

Chiricahua 

V L/V  W 

8.66 

Santa  Rita 

Chiricahua 

CaL/V  L 

7.13 

Santa  Rita 

Santa  Catalina 

CaL 

0 

Santa  Rita 

Santa  Catalina 

III  L 

0 

Santa  Rita 

Santa  Catalina 

III  W 

0 

Santa  Rita 

Santa  Catalina 

V L 

0 

Santa  Rita 

Santa  Catalina 

V w 

0 

Table  10. — Continued. 


Male  measurements/ratios  with  10%  overlap  or  less 

Group  1 

Group  2 

Measurement 
or  ratio 

Overlap 

Santa  Rita 

Santa  Catalina 

FemL 

9.89 

Santa  Rita 

Santa  Catalina 

FemW 

0 

Santa  Rita 

Santa  Catalina 

ChL 

0 

Santa  Rita 

Santa  Catalina 

ChW 

0 

Santa  Rita 

Santa  Catalina 

FFL 

1.06 

Huachuca/Santa  Rita 

Sedona 

CaL 

2.72 

Huachuca/Santa  Rita 

Sedona 

III  L 

6.76 

Huachuca/Santa  Rita 

Sedona 

FemL 

0 

Huachuca/Santa  Rita 

Sedona 

ChL 

0 

Huachuca/Santa  Rita 

Sedona 

ChW 

0 

Huachuca/Santa  Rita 

Sedona 

FFL 

0 

Huachuca/Santa  Rita 

Sedona 

MFL 

0 

Huachuca/Santa  Rita 

Sedona 

ChL/ChW 

0 

Huachuca/Santa  Rita 

Sedona 

MFL/ChW 

4.7 

Huachuca/Santa  Rita 

Sierra  Ancha 

ChW 

0 

Huachuca/Santa  Rita 

Sierra  Ancha 

ChL/ChW 

0 

Huachuca/Santa  Rita 

Sierra  Ancha 

MFL/ChW 

0 

Huachuca/Santa  Rita 

Sierra  Ancha 

CaL/V  L 

0 

Huachuca/Santa  Rita 

Chiricahua 

III  L 

6.12 

Huachuca/Santa  Rita 

Chiricahua 

V L 

6.67 

Huachuca/Santa  Rita 

Chiricahua 

FemL 

4.97 

Huachuca/Santa  Rita 

Chiricahua 

ChL 

7.89 

Huachuca/Santa  Rita 

Chiricahua 

FFL 

4.78 

Huachuca/Santa  Rita 

Chiricahua 

MFL 

7.77 

Huachuca/Santa  Rita 

Santa  Catalina 

CaL 

6.92 

Huachuca/Santa  Rita 

Santa  Catalina 

ChW 

1.75 

Sedona 

Sierra  Ancha 

CaL 

0 

Sedona 

Sierra  Ancha 

III  L 

0 

Sedona 

Sierra  Ancha 

V L 

0 

Sedona 

Sierra  Ancha 

V w 

3.25 

Sedona 

Sierra  Ancha 

FemL 

0 

Sedona 

Sierra  Ancha 

FemW 

0 

Sedona 

Sierra  Ancha 

ChL 

0 

Sedona 

Sierra  Ancha 

ChW 

0 

Sedona 

Sierra  Ancha 

FFL 

0 

Sedona 

Sierra  Ancha 

MFL 

0 

Sedona 

Sierra  Ancha 

FFL/CaL 

5.03 

Sedona 

Sierra  Ancha 

III  L/III  W 

0 

Sedona 

Sierra  Ancha 

CaL/V  L 

0 

Sedona 

Chiricahua 

CaL 

0 

Sedona 

Chiricahua 

III  L 

0 

Sedona 

Chiricahua 

III  W 

0 

Sedona 

Chiricahua 

V L 

0 

Sedona 

Chiricahua 

vw 

0 

Sedona 

Chiricahua 

FemL 

0 

Sedona 

Chiricahua 

FemW 

0 

Sedona 

Chiricahua 

ChL 

0 

Sedona 

Chiricahua 

ChW 

0 

Sedona 

Chiricahua 

FFL 

0 

Sedona 

Chiricahua 

MFL 

0 

Sedona 

Chiricahua 

FFL/CaL 

0 

Sedona 

Chiricahua 

III  L/lIl  W 

0 

Sedona 

Santa  Catalina 

ChW 

0.54 

Sierra  Ancha 

Chiricahua 

CaL 

0 

Sierra  Ancha 

Chiricahua 

III  L 

0 

Sierra  Ancha 

Chiricahua 

111  W 

0 

Sierra  Ancha 

Chiricahua 

V L 

0 

Sierra  Ancha 

Chiricahua 

V W 

0 

Sierra  Ancha 

Chiricahua 

FemL 

0 

Sierra  Ancha 

Chiricahua 

FemW 

0 

430 


THE  JOURNAL  OF  ARACHNOLOGY 


Table  10. — Continued. 


Male  measurements/ratios  with  10%  overlap  or  less 

Group  ! 

Group  2 

Measurement 
or  ratio 

Overlap 

Sierra  Ancha 

Chiricahua 

ChL 

0 

Sierra  Ancha 

Chiricahua 

ChW 

0 

Sierra  Ancha 

Chiricahua 

FFL 

0 

Sierra  Ancha 

Chiricahua 

MFL 

0 

Sierra  Ancha 

Chiricahua 

ChL/ChW 

0 

Sierra  Ancha 

Chiricahua 

FFL/CaL 

0 

Sierra  Ancha 

Santa  Catalina 

CaL 

0 

Sierra  Ancha 

Santa  Catalina 

III  L 

0 

Sierra  Ancha 

Santa  Catalina 

III  W 

0 

Sierra  Ancha 

Santa  Catalina 

V L 

0 

Sierra  Ancha 

Santa  Catalina 

V W 

0 

Sierra  Ancha 

Santa  Catalina 

FemL 

0 

Sierra  Ancha 

Santa  Catalina 

FemW 

0.38 

Sierra  Ancha 

Santa  Catalina 

ChL/ChW 

0 

Sierra  Ancha 

Santa  Catalina 

MFL/ChW 

0 

Santa  Catalina 

Chiricahua 

CaL 

0 

Santa  Catalina 

Chiricahua 

III  L 

0 

Santa  Catalina 

Chiricahua 

III  W 

0 

Santa  Catalina 

Chiricahua 

V L 

0 

Santa  Catalina 

Chiricahua 

V w 

0 

Santa  Catalina 

Chiricahua 

FemL 

0 

Santa  Catalina 

Chiricahua 

FemW 

0 

Santa  Catalina 

Chiricahua 

ChL 

0 

Santa  Catalina 

Chiricahua 

ChW 

0 

Santa  Catalina 

Chiricahua 

FFL 

0 

Santa  Catalina 

Chiricahua 

MFL 

0 

Pinaieno 

Sedona 

CaL 

0 

Pinaleno 

Sedona 

III  L 

0 

Pinaieno 

Sedona 

V L 

0 

Pinaleno 

Sedona 

FemL 

0 

Pinaieno 

Sedona 

FemW 

0 

Pinaleno 

Sedona 

ChL 

0 

Pinaleno 

Sedona 

ChW 

0 

Pinaleno 

Sedona 

FFL 

0 

Pinaleno 

Sedona 

MFL 

0 

Pinaleno 

Sedona 

FFL/CaL 

1.63 

Pinaleno 

Sierra  Ancha 

ChW 

0 

Pinaleno 

Sierra  Ancha 

ChL/ChW 

0 

Pinaleno 

Sierra  Ancha 

MFL/ChW 

0 

Pinaleno 

Chiricahua 

CaL 

1.18 

Pinaleno 

Chiricahua 

III  L 

0 

Pinaleno 

Chiricahua 

V L 

6.58 

Pinaleno 

Chiricahua 

FemL 

0 

Pinaleno 

Chiricahua 

FemW 

7.64 

Pinaleno 

Chiricahua 

ChL 

0 

Pinaleno 

Chiricahua 

ChW 

4.03 

Pinaleno 

Chiricahua 

FFL 

0 

Pinaleno 

Chiricahua 

MFL 

0 

Pinaleno 

Chiricahua 

FFL/CaL 

2.71 

Pinaleno 

Santa  Catalina 

CaL 

0 

Pinaleno 

Santa  Catalina 

III  L 

0 

Pinaleno 

Santa  Catalina 

III  W 

4.97 

Pinaleno 

Santa  Catalina 

V L 

0 

Pinaleno 

Santa  Catalina 

FemL 

0 

Oak  Creek  Canyon  cracked  rock  wall,  35°0rN,  111°44'W, 
1707-1981  m,  21.7-25.7  km  N Sedona,  35°0rN,  111°44'W, 
breeding  pair,  10  September  1968,  M.  Cazier  et  al.,  1 male,  1 
female  (AMNH)  & scenic  view  from  rim,  ca.  24  km  N Sedona, 


Hwy  89A,  22  August  1995,  K.L.  Semones  & K.J.  McWest,  1 ! 

male,  4 females,  3 juveniles  (AMNH);  Manzanita  Camp,  I 
35°55'N,  1 1 r44'W,  25  July  1952,  M.  Cazier,  W.  Gertsch  & R. 
Schrammel,  1 female  (AMNH);  Upper  Oak  Creek  Canyon  S 
of  Flagstaff,  35°01'N,  lir44'W,  18  August  1949,  L.F.  Brady, 

1 male  (AMNH);  9.7  km  N Sedona,  35°55'N,  lir44'W,  11 
September  1962,  V.  Roth,  1 female  (AMNH);  21.7-25.7  km  N 
Sedona,  1707-1981  m,  along  grade  cuts,  11  males,  4 females 
(AMNH)  &1  female,  32  first  instars  (AMNH). 

Diagnosis, — Vaejovis  lapidkola  (Fig.  7)  can  be  distinguished 
from  V.  paysonensis  by  the  following  male  characters  (V. 
paysonensis  characters  follow  in  parentheses):  hemispermato- 
phore  trunk  width/hook  length  1.08-1.25  (0.87-0.93);  larger 
size  in  most  measurements;  fixed  finger  length/carapace  length 
0.76-0.84  (0.7-0.77);  more  elongate  metasoma  segment  III  ^ 
with  length/width  ratio  1.2-1.37  (1.03-1.07).  Female  meta-  I 
soma  segment  III  length/width  ratio  also  differs  with  1.1-1.26 
(1-1.13). 

Vaejovis  lapidkola  can  be  distinguished  from  V.  cashi  by  the  i 
following  characters  {V.  cashi  characters  follow  in  parenthe- 
ses): pectinal  tooth  modes  for  females  12,  range  9-13  (11, 
range  10-13);  modal  count  for  inner  accessory  denticles  of 
chela  movable  finger  7 (6),  fixed  finger  6 (5);  metasoma 
segment  III  more  slender  with  length/width  i.  12-1. 26  (0.89- 
1.07)  for  females  and  1.2-1.37  (0.84-1.09)  for  males;  fixed 
finger  length/carapace  length  0.72-0.88  (0.59-0.72)  for  females 
and  0.76-0.84  (0.58-0.68)  for  males;  hemispermatophore 
lamina  length/hook  length  2.57-2.73  (1.93-2.0)  and  trunk 
width/hook  length  1.08-1.25  (0.78-1.03). 

Vaejovis  lapidkola  can  be  distinguished  from  V.  deboerae  by  | 
the  following  characters  (V.  deboerae  characters  follow  in 
parentheses):  movable  finger  inner  accessory  denticle  mode  7 
(6);  subaculear  tubercles  mostly  low  and  subtle,  90%  (14%). 

Vaejovis  lapidkola  can  be  distinguished  from  V.  vorhiesi  by 
the  characters  indicated  in  the  diagnosis  for  that  species.  | 

Distribution. — This  species  is  known  from  areas  around  the  ; 
city  of  Flagstaff  and  between  Flagstaff  and  the  city  of  Sedona, 
Yavapai  County  and  Coconino  County,  north-central  Ar- 
izona, USA. 

Vaejovis  paysonensis  Soleglad  1973  ' 

Vejovis  paysonensis  Soleglad  1973:363-371  (original  descrip- 
tion), figs.  16-22,  24,  26-28. 

Vaejovis  paysonensis:  Kovarik  1998:147;  Graham  2006:3,  6; 
Graham  2007:1,  3,  13;  Ayrey  2009:9. 

Type  material. — Holotype:  female,  40.2  km  NE  of  Payson 
(34°18'N,  1 1 1°44'W),  Gila  County,  Arizona,  USA  (AMNH).  , 
Paratypes:  1 male  (AMNH;  allotype),  7 females,  1 subadult  , 
female,  3 subadiilt  males  (MES?),  same  locality  as  holotype.  , 
Material  Examined. — USA:  Arizona:  Gila  County:  Payson, 
34°14'N,  1 1 ri9'W,  5-1 1 May  1969,  R.  Erno,  2 females  (CAS)  I 
& 3 May  1969,  T.  Lutz,  1 fem.ale  (CAS)  & 19  April  1905,  W.L. 
Chapel,  1 female  (CAS);  4.8  km  N Experimental  Station  along 
Globe-Young  Rd.  at  intersection  of  Armer  Mt.  Rd.,  in  pine 
forest  with  some  oak,  dark  fine  soils,  33°50'N,  IITSS'W, 
1798  m,  S.C.  Williams,  3 males,  36  females,  6 juveniles  (CAS). 

Diagnosis. — Vaejovis  paysonensis  (Fig.  7)  can  be  distin- 
guished from  V.  cashi  by  the  following  characters  (V.  cashi 
characters  follow  in  parentheses):  pectinal  tooth  modes  for 
males  12,  range  12-13  (13,  range  11-16);  modal  count  for 
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Locelsty 
^ 1 Hunchucn 

® SSentaCBtalisia 
^ 4?malsno 
^ 5 Clissicahua 
^ 6 Siena  Ancha 
^ 7 Sedona 
■ Group  Centroid 


Funetlon  1 

Figure  4. — Plot  of  all  female  specimens  of  montane  Vaejovis 
scorpions  measured  according  to  the  first  two  functions  created  from 
the  discriminant  function  analysis.  Function  2 has  the  highest 
correlation  with  all  measurements  while  Function  1 is  most  highly 
correlated  with  metasoma  segment  III  width. 


Table  11. — Classification  results  for  females  from  the  SPSS 
discriminant  function  analysis  output  showing  the  numbers  of 
specimens  from  each  of  seven  groups  of  montane  Vaejovis  scorpions 
that  were  misclassified  when  using  the  functions  that  were  created 
from  the  analysis.  Overall,  86.8%  of  cases  were  grouped  correctly. 
Groups;  1 = Huachuca,  2 = Santa  Rita,  3 = Santa  Catalina,  4 = 
Chiricahua,  5 = Pinalefio,  6 = Sierra  Ancha,  7 = Sedona. 


Predicted  group  membership 


Group 

1 2 3 

4 5 6 

7 Total 

Original  count  1 

14  2 

4 

20 

2 

4 15 

2 

21 

3 

20 

20 

4 

1 2 

17 

20 

5 

1 18  1 

20 

6 

23 

23 

7 

1 

11  12 

Distribution. — Near  the  city  of  Payson  and  the  Sierra  Ancha 
Mountains,  Gila  County,  central  Arizona,  USA. 


inner  accessory  denticles  of  chela  movable  finger  7 (6),  fixed 
finger  6 (5);  subaculear  tubercles  mostly  low  and  subtle 
mounds,  72%  (0%);  hemispermatophore  lamina  length/hook 
length  2.27-2.64  (1.93-2.00);  male  chela  wider  relative  to 
length  with  length/width  3.68-3.91  (3.91-4.77). 

Vaejovis  paysonensis  can  be  distinguished  from  V.  deboerae 
by  the  following  characters  ( V.  deboerae  characters  follow  in 
parentheses):  pectinal  tooth  modes  for  males  13,  range  11-16 
(12,  range  11-15),  for  females  11,  range  10-12  (13,  range  12- 
14);  movable  finger  inner  accessory  denticle  mode  7 (6);  fixed 
finger  length/chela  length  0.46-0.50  (0.49-0.62)  in  females, 
1.03-1.07  (1.07-1.25)  in  males;  hemispermatophore  lamina 
length/hook  length  2.27-2.64  (2.62-3.28). 

Vaejovis  paysonensis  can  be  distinguished  from  V.  vorhiesi 
and  V.  lapidicola  by  the  characters  indicated  in  the  diagnoses 
for  those  species. 


Locality 

1 Huachuca 

2 Santa  Rita 

3 Santa  Catalina 
4PinalenQ 

5 Chine  alma 

6 Sierra  Ancha 

7 Sedona 
Group  Centroid 


Figure  5. — Plot  of  all  male  specimens  of  montane  Vaejovis 
scorpions  measured  according  to  the  first  two  functions  created  from 
the  discriminant  function  analysis.  Function  1 is  most  highly 
correlated  with  chela  width.  Function  2 is  most  highly  correlated 
with  metasomal  segment  lengths  but  is  highly  correlated  with  all 
measurements  except  chela  width. 


Vaejovis  cashi  Graham  2007 

Vaejovis  cashi,  Graham  2007:1-3,  6-10,  13  (original  descrip- 
tion), figs.  15-27;  Ayrey  2009:3,  6,  8-10. 

Type  material. — Holotype:  adult  female,  taken  from  under 
stones  on  the  northwest  flank  of  the  Chiricahua  Mountains, 
Arizona,  USA,  3r55.406'N,  109°15.7057'W;  18  June  2001,  D. 
Vernier  (Private  collection  of  M.R.  Graham).  Paratype:  1 
adult  female  from  same  locality  as  holotype. 

Material  examined. — USA:  Arizona:  Cochise  County,  Chir- 
icahua Mountains:  Ash  Spring,  9.7  km  SW  Portal,  31°5i'N, 
109°irW,  April  1965,  B.  & C.  Durden,  1 female  (AMNH); 
Rustler  Park,  3r54'N,  109°16'W,  2591  m,  25-26  August 
1952,  B.  Malkin,  7 males,  8 females,  5 juveniles  (AMNH); 
4.8  km  SW  Portal,  3r52'N,  109N0'W,  1 April  1966,  B.  Vogel, 
1 juvenile  (AMNH);  4.8  km  S Portal,  leaf  litter,  31°52'N, 
1 09°  10' W,  16  March  1966,  B.  Vogel,  2 females,  1 juvenile 
(AMNH);  8 km  S Portal,  South  Fork  of  Cave  Creek,  SUSl'N, 
109°1 1 'W,  30  May  1976,  B.  Warner,  7 females  (AMNH);  Cave 
Creek  Canyon,  8 km  W Portal,  31  °52'N,  109°irW,  14  August 
1974,  M.  Cazier,  1 male,  3 females,  13  first  instars  (AMNH); 

Table  12. — Classification  results  for  males  from  the  SPSS  discrim- 
inant function  analysis  output  showing  the  number  of  specimens  from 
each  of  seven  groups  of  montane  Vaejovis  scorpions  that  were 
misclassified  when  using  the  functions  that  were  created  from  the 
analysis.  Overall,  95.7%  of  cases  were  grouped  correctly.  Groups:  1 = 
Huachuca,  2 = Santa  Rita,  3 = Santa  Catalina,  4 = Chiricahua,  5 = 
Pinalefio,  6 = Sierra  Ancha,  7 = Sedona. 


Predicted  group  membership 


Group 

1 2 3 4 5 6 

7 Total 

Original  count  1 

17  3 

20 

2 

1 19 

20 

3 

18 

18 

4 

19 

1 20 

5 

21 

21 

6 

2 

2 

7 

15  15 
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16-19  July  1952,  M.  Cazier  & R.  Schrammel,  3 females 
(AMNH);  Roadcuts  19.3-24.1  km  W Portal,  Onion  Saddle, 
31°56'N,  109°16'W,  1981-2317  m,  21  July  1969,  M.  Cazier  et 
al.,  10  males,  5 females  (AMNH);  Rustler  Park  to  0.8  km  N of 
park,  along  roadcuts,  rock  outcrops,  cliffs,  31°54'N, 
109°16'W,  22  July  1969,  M.  Cazier  et  al,  45  males,  12 
females,  1 juvenile  (AMNH);  8 km  W Portal,  31°52'N, 
109°irW,  1829-1981  m,  on  banks  of  road  cuts,  rocky  and 
dead  plant  material  preferred,  14  August  1974,  Cazier  family, 
65  males,  3 females  (AMNH);  8 km  W Portal,  3r52'N, 
109°1 1 'W,  4 July  1956,  E.  Ordway,  1 female  (AMNH);  Rustler 
Park,  31°54'N,  109°16'W,  25  February  1957,  E.  Ordway,  1 
female  (AMNH);  East  Turkey  Creek,  Coronado  National 
Forest,  Portal,  3I°51'N,  109°20'W,  1951  m,  soil  in  pinecones, 
11  October  1961,  E.A.  Maynard,  1 male,  1 juvenile  (AMNH); 
Turkey  Creek,  STSl'N,  109°20'W,  28  June  1967,  Gertsch  & 
Hastings,  1 female  (AMNH);  Rustlers  Camp,  31°54'N, 
109°16'W,  1 June  1952,  W.J.  Gertsch,  2 males,  6 females 
(AMNH);  Barfoot  Meadow,  3r55'N,  109°16'W,  8 September 

1963,  W.J.  Gertsch  & V.  Roth,  2 m,ales,  6 females  (AMNH); 
Barfoot  Park,  16.1  km  W Portal,  31°55'N,  109°16'W,  19  July 

1964,  Gertsch  & Woods,  1 male,  1 female  (AMNH);  Barfoot 
Park,  31°55'N,  109°16'W,  27  June  1967,  Gertsch  & Hastings, 
I female  (AMNH);  Barfoot  Park,  31°55'N,  109°16'W,  16 
August  1964,  Hastings,  2 females  (AMNH);  South  Fork  Cave 
Creek,  3r31.8'N,  109°6.5999'W,  J.  & W.  Ivie,  1 male 
(AMNH);  Southwestern  Research  Station  can-traps, 
3r52'N,  109°12'W,  29  July  1960,  J.  Cole,  2 females,  14  first 
instars  (AMNH);  Trail  to  Barfoot  Lookout,  31°54'N, 
109°16'W,  2597m,  16  July  1961,  J.  Cole  & T.  Ryan,  1 male 
(AMNH);  Southwestern  Research  Station,  8 km  W Portal, 
31°52'N,  109°12'W,  22  April  1961,  J.  Rozen  & R.  Schrammel, 
1 female  (AMNH);  Pinery  Canyon,  3r56'N,  109°16'W,  10 
May  1956,  K.  Statham,  1 female  (AMNH);  Rustlers  Camp, 
31°54'N,  109°16'W,  1 June  1952,  M.  Cazier,  W.  Gertsch  & R. 
Schrammel,  2 males,  7 females  (AMNH);  Turkey  Creek, 
31°51'N,  109°20'W,  1829  m,  31  May  1952,  M.  Cazier,  W. 
Gertsch  & R.  Schrammel,  2 males,  3 females  (AMNH); 
Rustler  Park,  3r54'N,  109°16'W,  22  August  1963,  M.  Muma, 
1 female,  8 first  instars  (AMNH);  Southfork,  31°52'N, 
109°11'W,  6-13  May  1956,  M.  Statham,  1 female  (AMNH); 
Cave  Creek  Canyon,  3r52'N,  I09°11'W,  August  1965,  B.  & 
C.  Durden,  1 female  (AMNH)  & 0.16  km  E Stewart  Camp,  3 
June  1973,  O.F.  Francke,  1 male,  7 females  (AMNH)  & 
0.64  km  W Stewart  Camp,  3 June  1973,  O.F.  Francke,  1 male, 
1 female  (AMNH)  & 1.13  km  W Stewart  Camp,  3 June  1973, 
O.F.  Francke,  1 male,  4 females  (AMNH)  & 0-3.2  km  W 
Sunny  Flat  Camp,  5 June  1973,  O.F.  Francke,  3 males,  63 
females,  3 juveniles  (AMNH)  &10.5  km  W Portal,  14  June 
1973,  O.F.  Francke,  2 males,  22  females,  1 juvenile  (AMNH); 
East  Turkey  Creek,  STSl'N,  109°20'W,  2012  m,  3 June  1973, 
O.F.  Francke,  4 males,  2 females  (AMNH);  Ash  Spring,  1 .6  km 
NW  Herb  Martir  Dam,  12.9  km  W Portal,  SDSl'N, 
109°11'W,  31  July  1965,  R.  Hastings,  1 female  (AMNH); 
East  Turkey  Creek,  31°51'N,  109°11'W,  1920m,  29  July  1972, 
R.  Zweifel,  1 female  (AMNH);  8 km  W Portal,  on  South  Fork, 
31°5rN,  109°11'W,  17  April  1964,  V.  Roth,  1 female 
(AMNH);  12.9  km  W Portal,  toward  falls,  STSO'N, 
109°12'W,  8 April  1963,  V.  Roth,  2 males,  1 female  (AMNH); 
Rustler  Park,  17  August  1963,  V.  Roth,  1 female  (AMNH); 


South  Fork,  31°52'N,  109°11'W,  13  July  1963,  V.  Roth,  1 
female  (AMNH);  8 km  W Portal,  South  fork  of  Cave  Creek, 
31°52'N,  109°11'W,  17-19  April  1961,  W.J.  Gertsch,  1 male,  4 
females  (AMNH);  8 km  W Portal,  Southwestern  Research 
Station,  3r52'N,  109°12'W,  5-15  August  1955,  W.J.  Gertsch, 
1 female  (AMNH);  11.3  km  W Portal,  3r52'N,  109°11'W,  4 
August  1955,  W.J.  Gertsch,  1 female  (AMNH);  Barfoot, 
31°55'N,  109°16'W,  1 August  1955,  W.J.  Gertsch,  1 female 
(AMNH);  Barfoot  Park,  3r55'N,  109°I6'W,  6 July  1962, 
W.J.  Gertsch,  5 males,  1 1 females  (AMNH);  Pinery  Canyon, 
31°56'N,  109°16'W,  8 September  1950,  W.J.  Gertsch,  1 female 
(AMNH);  South  Fork  Cave  Creek,  11  September  1950,  W.J. 
Gertsch,  3 males,  3 females  (AMNH);  South  Fork  Cave 
Creek,  3r52'N,  109°irW,  6.4  km  W Portal,  9 September 
1964,  W.J.  Gertsch,  2 females  (AMNH);  Southwestern 
Research  Station,  31°52'N,  109°12'W,  August  1960,  Zweifel 
et  al,  5 males,  1 juvenile  (AMNH). 

Diagnosis. — Vaejovis  cashi  (Fig.  7)  can  be  distinguished 
from  V.  deboerae  by  the  following  characters.  {V.  deboerae 
characters  follow  in  -parentheses):  pectina!  tooth  count  mode 
for  females  11,  range  10-13  (12,  range  11-15);  chela  fixed 
finger  inner  accessory  denticle  mode  6 (5);  smaller  body  size  in 
all  measurements;  hemispermatophore  blade  length/hook 
length  1.93-2.00  (2.62-3.28). 

Vaejovis  cashi  can  be  distinguished  from  V.  vorhiesi,  V. 
lapidicola,  and  V.  paysonenis  by  the  characters  indicated  in  the 
diagnoses  for  those  species. 

Distribution. — Known  from  the  Chiricahua  Mountains  in 
Cochise  County,  southeastern  Arizona,  USA. 

Vaejovis  deboerae  Ayrey  2009 

Vaejovis  deboerae  Ayrey  2009:1-10  (original  description),  figs. 

1-4,  6,  8,  10,  11,  14,  15. 

Type  material. — Holotype:  female,  Mt.  Lemmon,  Santa 
Catalina  Mountains,  32°23.21667'N,  110°41.75'W,  intersec- 
tion of  Willow  Canyon  Circle  and  Catalina  Highway,  Pima 
County,  Arizona,  USA,  2142  m,  25  August  2008,  R.F.  Ayrey 
(CAS).  Paratypes:  1 male,  2 females,  (CAS),  same  locality  as 
holotype. 

Material  examined. — USA:  Arizona:  Pima  County,  Santa 
Catalina  Mountains:  32°26'N,  110°45'W,  12  April  1936,  O. 
Bryant,  1 female  (AMNH);  32°26'N,  110°47'W,  1 October 
1938,  O.  Bryant,  2 females  (AMNH);  32°26'N,  110°47'W,  25 
May  1937,  O.  Bryant,  1 male,  4 females  (AMNH);  Rose  Lake, 
32°23'N,  110°42'W,  6 October  1973,  E.  Oliver,  1 male 
(AMNH);  Mt.  Lemmon,  32°26'N,  110°45'W,  8 March  1968, 
H.L  & L.L.  Stahnke,  1 male  (CAS);  Sabiiio  Canyon,  32°20'N, 
110M6'W,  6 June  1952,  M.  Cazier,  W.  Gertsch  & R. 
Schrammel,  1 male  (AMNH);  Summerhaven,  32°26'N, 
110°47'W,  6 June  1952,  M.  Cazier,  W.  Gertsch  & Schrammel, 
4 females  (AMNH);  Summerhaven,  32°26'N,  110°47'W,  22 
August  1950,  M.A.  Cazier,  1 female  (AMNH);  Tucson, 
32°26'N,  110°45'W,  O.  Bryant,  I female  (AMNH);  Mt. 
Lemmon  19  June  1954,  B.  & J.  Liming,  3 females  (CAS)  & 
2804  m,  15  August  1974,  E.  Minch,  1 male  (AMNH)  & 
32°24.6375'N,  110°42.8878'W,  2420  m,  15  June  2007,  Z.  Valois, 
1 male,  2 females,  1 subadult  female  (AMNH/AMNH-ARA 
00002515)  & Mt.  Lemmon,  32°26'N,  1 10°45'W,  8 March  1968, 
H.L  & L.L.  Stahnke,  1 male  (CAS)  & vicinity  of  Summerhaven, 
32°14.4'N,  110°27'W,  21  May  1963,  W.J.  Gertsch  & W.  Ivie,  1 


HUGHES— MORPHOLOGICAL  ANALYSIS  OF  VAEJOVIS  IN  ARIZONA 


433 


female,  3 subadult  females,  2 juveniles  (AMNH)  & Summerha- 
ven,  32°26'N,  1 10°45'W,  10  September  1963,  WJ.  Gertsch  & V. 
Roth,  1 female,  1 subadult  female  (AMNH);  32°23'N, 
llOMl'W,  on  the  road  to  Mt.  Lemmon,  Molina  Basin,  1524- 
1829m,  19  August  1995,  P.  Hyden  & D.  Wagner,  1 male 
(AMNH);  Sabino  Canyon,  32°20'N,  I10°46'W,  8 June  1955, 
R.B.  & J.M.  Selander,  1 female  (AMNH);  General  Hitchcock 
Tree,  26  August  1951,  T.  Cohn,  1 female  (AMNH);  Bear 
Canyon  Campground,  32°22'N,  110°41'W,  1981  m,  24  July 
1965,  W.J.  Gertsch  & R.  Hastings,  3 males,  2 females  (AMNH); 
8 km  S Oracle,  32°33'N,  I10°44'W,  25  July  1949,  WJ.  & J.W. 
Gertsch,  1 juvenile  (AMNH);  Peppersauce  Cave  Canyon, 
32°32'N,  110°43'W,  21  April,  1961,  W.J.  Gertsch,  4 female 
(AMNH);  Tucson,  Upper  Bear  Canyon,  32°22'N,  110°4rW, 
15  June  1973,  D.  Richman,  1 female  (AMNH);  Coronado 
National  Forest,  Santa  Catalina  Hwy,  on  and  near  Bear 
Wallow  Rd.,  between  mile  marker  22  & 23,  rocky  road  cut 
slopes,  32°24.495'N,  1 10°43.317'W,  2375  m.  Site  13,  22  June 
2006,  W.  Savary,  R.  Mercurio,  4 males,  10  females  (AMNH/ 
AMNH-ARA  0002507);  Coronado  National  Forest,  Santa 
Catalina  Hwy,  on  and  near  Incinerator  Rd.,  between  mile 
marker  19  & 20,  granitic  rocky  road  cut  slopes,  32°24.664'N, 
1 10°43.325'W,  2464  m.  Site  14,  22  June  2006,  W.  Savary  & R. 
Mercurio,  6 males,  2 femlaes,  1 subadult  female  (AMNH/ 
AMNH-ARA  00002506). 

Diagnosis. — This  species  may  be  distinguished  from  the 
other  described  species  in  Arizona  by  the  characters  given  in 
the  diagnoses  of  those  species. 

Distribution. — Known  from  the  Santa  Catalina  Mountains, 
Pima  County,  southern  Arizona,  USA. 

Vaejovis  electrum  sp.  nov. 

Figs.  6,  7,  8 

Type  material. — Holotype  male.  Wet  Canyon  (32°38'N, 
109°48'W),  Forest  Camp,  Graham  Mt.,  Graham  County, 
Arizona,  USA,  12-13  September  1952,  B.  Malkin  (AMNH). 
Paratypes:  2 males,  3 females,  from  same  locality  as  holotype 
(AMNH). 

Other  material  examined. — USA:  Arizona:  Graham  County, 
Pinaleno  Mountains:  Wet  Canyon,  Forest  Camp,  Graham 
Mt.,  32°38'N,  109°48'W,  12-13  September  1952,  B.  Malkin,  3 
males,  6 females,  (AMNH);  32°38'N,  109°49'W,  2743  m,  10 
September  1937,  Bryant,  1 male,  1 female  (AMNH);  32°38'N, 
109°49'W,  15  September  1940,  Bryant,  2 males,  2 females,  12 
first  instars  (AMNH);  38°39'N,  109°49'W,  2256  m,  10 
September  1937,  Bryant,  2 females  (AMNH);  38°38'N, 
109°49'W,  16  August  1933,  Bryant,  1 male  (AMNH); 
2.6  km  S Arcadia  Campground,  32°38.167'N,  109°49.453W, 
2179  m,  31  May-1  June  2000,  W.D.  Sissom  et  al.,  1 male 
(WDS);  Mt.  Graham,  1.4  km  S Arcadia  Campground, 
32°38.633'N,  109°49.102W,  31  May-1  June  2000,  W.D. 
Sissom  et  al.,  1 male,  3 female  (WDS);  6.4  km  SW 
Cottonwood,  8 June  1973,  O.F.  Francke,  1 male,  1 female 
(AMNH);  Arcadia  Campground,  32°38'N,  109°49'W,  4 April 
1969,  G.J.  Doleyard,  2 females  (AMNH);  Wet  Canyon,  under 
rock  on  south-facing  slope,  30  m above  stream,  32°38'N, 
109°48'W,  1942  m,  15  June  1967,  K.  Brown,  1 female 
(AMNH);  Turkey  Flat,  32°37'N,  109°49'W,  15  September 
1973,  R.  Kempton,  3 males,  2 females,  10  juveniles  (AMNH); 
south  of  Safford,  2 September  1973,  R.  Kempton,  1 male,  1 


female  (AMNH);  Pinecrest  (also  Turkey  Flat),  32°37'N, 
109°49'W,  13  September  1950,  W.J.  Gertsch,  3 males,  6 
females,  1 juvenile  (AMNH);  Cluff  Dairy  turnoff.  Swift  Trail 
Rd.,  deep  in  Ponderosa  pine  log  on  ground,  32°38'N, 
I09°49'W,  2256  m,  10  July  1966,  W.L.  Minckley,  4 females 
(AMNH);  Arcadia  Campground,  32°38'N,  109°49'W,  31  May 
2000,  W.D.  Sissom  et  al.,  1 male,  16  females  (WDS);  Hwy.  366 
into  Coronado  National  Forest,  climbing  Mount  Graham, 
just  past  mile  marker  126,  19  km  from  junction  with  Hwy.  191, 
under  rocks  in  pine  forest,  32°38.5517'N,  109°49W.1033', 
1684  m,  25  July  2007,  J.  Huff,  1 male,  3 females,  1 juvenile 
(AMNH);  Hwy.  366  into  Coronado  National  Forest,  climbing 
Mount  Graham,  “Ladybug  Trail  No.  329”  at  mile  marker 
131,  26.6  km  from  junction  with  Hwy.  191,  under  rocks  in  pine 
forest,  32°37.35'N,  109°49.4033'W,  25  July  2007,  J.  Huff,  1 
male,  3 females  (AMNH). 

Etymology. — Specific  epithet  is  from  the  Latin  word 
electrum,  meaning  amber  in  reference  to  the  amber-like 
coloration  of  this  species,  and  is  used  as  a noun  in  apposition. 

Diagnosis. — Vaejovis  electrum  can  be  distinguished  from  V. 
lapklicola  and  V.  paysonensis  by  1)  having  6 inner  accessory 
denticles  on  the  movable  finger  instead  of  7,  and  2)  having  a 
smaller  chela  width.  It  can  be  distinguished  from  V.  vorhiesi 
by  1)  usually  having  multiple  subaculear  tubercles  or  well- 
developed  subaculear  tubercles  and  rarely  having  only  a 
subtle,  low  mound  for  a tubercle,  2)  having  lower  pectinal 
tooth  counts,  mode  13  for  males  and  12  for  females,  and  3) 
having  hemispermatophore  lamina  length/width  3.89^.63 
instead  of  2.35-3.09.  It  can  be  distinguished  from  V.  cashi 
by  1)  having  a higher  pectinal  tooth  count  mode  for  females 
(12  instead  of  11),  2)  having  hemispermatophore  lamina 
length/hook  length  ratio  2.2-2. 8 instead  of  1.93-2.0,  and  3)  by 
having  an  overall  larger  body  size,  especially  in  the  male. 
Vaejovis  electrum  can  be  distinguished  from  V.  dehoerae  by  1 ) 
having  a mode  of  5 inner  accessory  denticles  on  the  chela  fixed 
finger  instead  of  6,  and  2)  having  a smaller  body  size, 
especially  in  males,  but  particularly  smaller  in  carapace  length 
and  metasoma  segment  V length  for  both  sexes.  Vaejovis 
electrum  can  be  distinguished  from  V.  feti,  a New  Mexican 
species,  by  1)  having  greater  pectinal  tooth  count  modes 
(males:  13  instead  of  11-12;  females:  12  instead  of  10),  2) 
having  well-developed  subaculear  tubercles  instead  of  tuber- 
cles being  present  as  only  a low  mound,  and  3)  having  larger 
body  size. 

Description. — The  following  description  is  based  mostly  on 
the  male  holotype;  female  characters,  where  notably  different, 
are  indicated. 

Coloration:  Base  color  of  body  surfaces  light  yellow-orange 
to  brown  (Fig.  7).  Carapace  with  distinct  fuscous  pattern. 
Coxosternal  region  light  yellow  with  no  fuscous  markings. 
Pretergites  with  fuscous  posterior  margin  except  fuscosity 
weak  to  absent  along  midline.  Post-tergites  with  little  to  no 
markings  along  midline  and  possessing  lateral  fuscous 
blotches.  Sternites  yellow  with  no  fuscous  markings  except 
for  extreme  lateral  edges.  Pectines  pale  yellow;  sternite  V with 
pale  yellow  patch  on  posterior  margin  (absent  in  females). 
Metasomal  carinae  with  underlying  fuscous  markings  (except 
for  ventral  carinae  of  metasomal  segments  I and  II).  Dorsal 
surface  of  metasoma  with  triangle  or  arrow-shaped  fuscous 
pattern  on  segments  I-III,  longitudinal  band  of  fuscosity  on 
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Figure  6. — Setal  maps  displaying  (from  top  to  bottom)  a dorsal,  lateral  and  ventral  view  of  the  metasoma  with  plots  of  the  metasomal  setae 
from  six  species  of  Vuejovis  scorpions  from  different  montane  locations  in  Arizona,  USA:  A.  V.  vorhiesi  Stahnke  1940  from  the  Huachuca 
Mountains;  B.  V.  lapidicola  Stahnke  1940  from  Flagstaff;  C.  V.  paysonensis  Soleglad  1973  from  the  Sierra  Ancha  Mountains;  D.  V.  cashi 
Graham  2007  from  the  Chiricahua  Mountains;  E.  V.  deboerae  Ayrey  2009  from  the  Santa  Catalina  Mountains;  F.  V.  electrum  sp.  nov.  from  the 
Pinaleno  Mountains. 


IV  and  two  longitudinal  lateral  bands  on  V.  Ventrolateral  and 
lateral  supramedian  intercarinal  space  with  fuscous  pattern  on 
posterior  portion.  Telson  yellow;  aculeus  dark  brown;  ventral 
median  marked  by  fuscous  band.  Pedipalps:  femur,  patella, 
and  chela  light  yellow  with  faint  dusky  markings,  especially 
near  base  of  fingers  and  along  external  carinae;  denticles  of 
finger  yellow-orange  to  orange-brown.  Legs  light  yellow  with 
some  fuscous  markings  on  prolateral  surfaces  of  femur, 
patella,  tibia,  and  basitarsus  with  distinct  banded  pattern  on 
patella;  telotarsus  yellow. 

Pwsoma:  Carapace  slightly  longer  than  posterior  width. 
Anterior  margin  slightly  indented  but  not  bilobed,  with  six 
anterior-facing  setae.  Carapace  finely  covered  with  minute 
granules.  Two  median  eyes  present;  two  rows  of  three  lateral 
eyes  with  seta  behind  each  lateral  eye  row. 

Mesosoma:  Tergites  I-VI:  median  carina  covered  by 
granules  and  increasingly  distinct  on  each  successive  segment 
from  weak  on  I to  moderate  on  VI;  submedian  carinae 
indistinct,  merged  into  general  granulation  associated  with  the 
lateral  markings.  Tergite  VII:  median  carina  present  as  a 
moderate,  granulated  hump  about  two-thirds  the  length  of  the 
post-tergite  up  from  the  posterior  margin;  submedian  and 
lateral  carinae  strong,  irregularly  crenulate;  submedian  carinae 
originating  from  about  two-thirds  the  length  of  the  post- 
tergite  up  from  the  posterior  margin  and  extending  to  the 


posterior  margin;  lateral  carinae  spanning  the  length  of  the 
post-tergite.  All  tergites  possessing  granules  with  larger 
granules  on  posterior  half  of  the  segment;  large  granules  on 
lateral  surface  of  VIII.  Male  genital  opercula  without  median 
longitudinal  membranous  connection  (in  females  connected 
on  anterior  4/5),  genital  papillae  well  developed  (absent  in 
females).  Pectinal  tooth  count  13/13  (12-14  in  males,  1 1-13  in 
females).  Sternites  III-Vl  finely  porous,  lustrous  medially; 
finely  granular  and  less  lustrous  laterally;  moderately  setose 
throughout.  Sternite  III  with  posterior  white  patch  in  males. 
Sternite  VII  with  lateral  carinae  present  as  an  irregular  row  of 
slightly  enlarged  granules. 

Metasoma:  (Fig.  8g)  Segment  I 1.33  times  wider  than  long; 
II  1.13  times  longer  than  wide,  III  as  long  as  wide,  IV  1.24 
times  longer  than  wide,  V 1 .96  times  longer  than  wide. 
Segments  I-IV:  Carination;  Dorsolateral  carinae  on  I-IV 
strong,  crenulate  to  serrate;  distal-most  denticles  on  I-IV 
distinctly  enlarged,  spinoid.  Lateral  supramedian  carinae 
on  I-IV  strong,  crenulate;  distal-most  denticles  distinctly 
enlarged,  spinoid  on  I-III;  widely  flared  on  IV.  Lateral 
inframedian  carinae  on  I complete,  moderate,  granular;  on  II 
present  on  posterior  one-half,  granular;  on  III  present  on 
posterior  one-quarter,  granular;  on  IV  absent.  Ventrolateral 
carinae  on  I-III  moderate,  granulate  to  crenulate;  on  IV 
moderate,  crenulate.  Ventral  submedian  carinae  on  I weak. 
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Figure  7. — Live  specimens  of  montane  Vaejovis  scorpions  from  Arizona:  a.  V.  lapkiicola  Stahnke  1940;  b.  V.  cashi  Graham  2007;  c.  V. 
paysonensis  Soleglad  1973;  d.  V.  electnim  sp.  nov.  All  photos  courtesy  of  W.D.  Sissom. 


granular;  on  II-IV  moderate,  crenulate.  Dorsal  intercarinal 
spaces  on  I-IV  finely  minutely  granular,  lustrous.  Dorsolat- 
eral intercarinal  spaces  on  DIV  finely  granular,  with  sparse 
coarse  granulation.  Lateral  faces  mostly  with  minute 
granulation  and  some  larger  granules  interspersed  through- 
out. Ventral  spaces  finely,  minutely  granular.  Segment  I-IV 
setation:  dorsolaterals,  0:1:1:2;  lateral  supramedians,  0:1:1;2; 
lateral  inframedians,  1:0:0:0;  ventrolaterals,  2:2:2:2;  ventral 
submedians,  3:3:3:3;  setae  of  ventromedian  intercarinal 
spaces,  0;0:0:0.  Segment  V:  Dorsolateral  carinae  moderate, 
basal  one-third  serrate,  remaining  distal  portion  smooth. 
Lateromedian  carinae  present  on  anterior  three-fifths,  weak, 
granular.  Ventrolateral  and  ventromedian  carinae  strong, 
serrate.  Dorsal  proximal  transverse  furrow  strong,  smooth, 
lustrous;  longitudinal  furrow  weak,  shallow.  Dorsal  and 
lateral  intercarinal  spaces  finely  granular;  ventral  intercarinal 
spaces,  sparsely  decorated  with  course  granules.  Segment  V 
setation;  dorsolaterals,  3;  lateromedians,  1;  ventrolaterals,  3; 
ventromedian,  4. 

Telson:  (Fig.  8g)  All  surfaces  smooth,  lustrous.  Vesicle  with 
about  18  pairs  of  setae;  aculeus  with  a few  setae  on  base. 
Subaculear  tubercle  well-developed,  simple.  Aculeus  36%  of 
telson  length. 

Pedipalp:  Femur  (Fig.  8e,  0 tetracarinate.  Prodorsal  and 
proventral  carinae  strong,  crenulate.  Retrodorsal  carina 
moderate,  irregularly  granular.  Retroventral  carina  moderate, 
smooth  to  finely  granular.  Prolateral  face  with  about  8 large 
granules  medially;  dorsal,  ventral  and  retrolateral  faces  finely 
granular  with  sparse  coarser  granulation.  Trichobothrial 
pattern  Type  C,  orthobothriotaxic  (Vachon  1974).  Setation: 


prolateral  face  with  1 supramedial  seta,  2 inframedial  setae; 
retrolateral  face  with  2 medial  setae. 

Patella:  Pentacarinate.  Prodorsal  carina  strong;  proventral 
carinae  strong,  crenulate.  Retrodorsal  and  retroventral  carinae 
moderate,  smooth.  Promedial  carina  moderate,  irregularly 
granular.  Dorsal,  ventral  and  retrolateral  intercarinal  spaces 
finely  granular,  prolateral  intercarinal  space  finely  to  moder- 
ately coarsely  granular.  Trichobothrial  pattern  Type  C, 
orthobothriotaxic  (Vachon  1974).  Setation:  prolateral  face 
with  2 supramedial  setae;  2 inframedial  setae. 

Chela:  (Fig.  8a-d)  Essentially  acarinate,  with  positions  of 
keels  indicated  in  cross  section  by  faint,  rounded  elevations 
and  underlined  with  fuscous  markings;  intercarinal  spaces 
finely  granular.  Dentate  margin  of  fixed  finger  with  primary 
denticle  row  divided  into  six  subrows  by  five  larger  granules; 
six  inner  accessory  denticles,  with  the  distal-most  paired  with 
the  terminal  denticle,  the  next  four  with  enlarged  primary  row 
granules.  Dentate  margin  of  movable  finger  with  primary 
denticle  row  broken  up  into  six  subrows  by  five  enlarged 
denticles;  distal-most  subrow  consisting  of  a single  apical 
denticle  and  its  enlarged  primary  row  denticle;  six  inner 
accessory  denticles,  with  the  distal  denticle  paired  with  the 
terminal  denticle  and  the  next  five  paired  with  enlarged 
primary  row  denticles.  Chela  length/width  ratio  4.06;  fixed 
finger  length/carapace  length  ratio,  0.68;  fixed  finger  length 
49%  of  total  chela  length.  Trichobothrial  pattern  Type  C, 
orthobothriotaxic  (Vachon  1974). 

Legs:  Prolateral  surface  of  patella  on  legs  I-IV  bearing  a 
single  seta.  Proventral  margin  of  patella  bearing  two  setae  on 
I-II,  three  setae  on  III  IV.  Retroventral  margin  of  patella 
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Figure  8. — Illustrations  of  various  features  of  VaejovLs  electnim  sp.  nov.  Scale  bars  to  the  left  of  each  figure  represent  1 mm,  except  for 
patellae,  which  were  not  measured.  Note  in  A and  B that  the  bulge  of  inner  margin  of  the  fixed  finger  is  an  aberration  in  the  type  specimen  and 
not  an  artifact  of  illustration,  a.  Ventral  aspect  of  pedipalp  chela;  b.  Dorsal  aspect  of  pedipalp  chela;  c.  Pedipalp  chela  movable  finger;  d. 
Pedipalp  chela  fixed  finger;  e.  Dorsal  aspect  of  pedipalp  femur;  f.  Dorsal  aspect  of  pedipalp  patella;  g.  External  aspect  of  pedipalp  patella;  h. 
Lateral  view  of  metasomal  segments  III-V  and  telson. 


bearing  three  setae  on  I-IV.  Basitarsus  on  legs  I-III  with  two 
ventrosubmedian  and  one  retrolateral  rows  of  spinules; 
prolateral  ventrosubmedian  spinule  extending  proximally  only 
a short  distance  from  distal-most  seta;  spinule  rows  interrupt- 
ed at  irregular  intervals  by  large,  stiff  setae.  Leg  IV  lacking 
spinule  rows.  Telotarsus  on  all  legs  with  single  ventromedian 
row  of  spinules. 

Hemispermatopliore  (dissected  from  topotype  male).-  Mea- 
surements (in  mm):  lamina  length  1.17,  lamina  width  0.30, 
hook  length  0.53,  trunk  width  0.53.  Lamina  length/lamina 


width  ratio  3.89,  lamina  length/hook  length  ratio  2.19,  trunk 
width/hook  length  ratio  1. Sperm  plug  lacking  spines. 

Measurements  of  holotype  male  (in  mm).-  Total  length 
(estimated),  43.00;  carapace  length,  2.62;  metasoma  III  length 
1.46,  width  1.46;  metasoma  V length  2.74,  width  1.40;  femur 
length  2.39,  width  0.70;  chela  length  3.78,  width  0.93;  fixed 
finger  length  1.86;  movable  finger  length  2.33. 

Variation. — As  with  other  scorpions  in  this  group,  V. 
electrum  exhibits  sexual  dimorphism  in  morphometries. 
Ranges  for  measurements  of  males  with  females  in  parentheses 


HUGHES— MORPHOLOGICAL  ANALYSIS  OF  VAEJOVIS  IN  ARIZONA 


437 


(all  measurements  in  mm):  carapace  length  2.56-3.03  (3.2- 
3.72);  metasoma  III  length  1.46-1.75  (1.57-2.04),  width  1.19- 
1.60  (1.6-1.93);  metasoma  V length  2.68-3.18  (3.11-3.72), 
width  1.16-1.50  (1.51-1.86);  femur  length  2.24-2.62  (2.74- 
3.51),  width  0.64-0.76  (0.81-0.96);  chela  length  3.61-4.45 
(4.72-5.44),  width  0.81-1.03  (1.05-1.28);  fixed  finger  length 
1.80-2.21  (2.39-2.79);  movable  finger  length  2.24-2.78  (2.86- 
3.40).  Ratios  for  males  with  females  in  parentheses:  chela 
length/width  4.03^.71  (3.94-4.72);  femur  length/width  3.20- 
3.64  (3.06-3.75);  metasoma  III  length/width  0.98-1.28  (2.32- 
2.89);  metasoma  V length/width  1.92-2.43  (1.84—2.22).  Other 
variation  can  be  seen  in  Tables  1-7. 

Distribution. — Known  from  the  Pinaleho  Mountains,  Gra- 
ham County,  Arizona,  USA. 

DISCUSSION 

Most  species  descriptions  are  accompanied  by  a section 
detailing  the  variation  in  the  new  species  being  described  and 
are  based  on  multiple  specimens.  The  ability  to  distinguish  one 
species  from  another  stems  from  an  understanding  of  that 
intraspecific  variation.  When  this  variation  is  not  taken  into 
consideration,  new  species  can  be  described  without  consistent 
diagnostic  characters  that  identify  that  species.  For  example,  a 
new  species  may  be  described  and  diagnosed  from  related 
species  by  the  presence  of  a few  characters  found  in  the  holotype 
and  a few  other  specimens  when  a larger  sample  size  would  have 
revealed  that  the  characters  overlap  so  greatly  as  to  be  useless  in 
diagnosing  the  species.  In  such  a situation,  had  a larger  sample 
size  been  collected  and  examined  for  the  initial  description  of 
the  species,  it  would  have  been  apparent  that  the  character  was 
not  useful  for  distinguishing  the  species  from  others. 

This  scenario  has  occurred  with  some  of  the  ""vorhiesi 
complex”  species  from  Arizona.  The  original  description  of 
V.  cashi  was  based  upon  only  two  specimens  (Graham  2007). 
One  of  the  characters  Graham  (2007)  used  to  distinguish  V. 
vorhiesi  from  V.  cashi  was  the  number  of  denticles  on  the  third 
median  subrow  of  the  pedipalp  chela  movable  finger.  However, 
the  variability  was  great  in  the  number  of  denticles  per  subrow. 
Graham  (2007)  stated  that  V.  cashi  should  have  6 or  7 denticles 
on  the  third  subrow  but  in  the  sample  of  10  specimens  from  the 
Chiricahua  Mountains  used  in  this  study,  1 1 of  the  20  movable 
fingers  had  8-9  denticles,  which  was  the  range  Graham  gave  for 
V.  vorhiesi.  It  is  not  surprising  that  with  only  two  specimens  of 
V.  cashi  the  ranges  he  found  were  completely  non-overlapping. 

This  also  happened  with  the  lateral  inframedian  carinal 
differences  reported  by  Ayrey  (2009).  Vaejovis  deboerae  is 
reported  as  having  longer  carinae  on  segments  II  and  III  of  the 
metasoma.  Although  the  V.  deboerae  specimens  I examined 
may  have  had  a slightly  greater  proportion  of  specimens  with 
long  lateral  inframedian  carinae,  many  of  the  other  species  also 
had  specimens  with  long  lateral  inframedian  carinae.  Vaejovis 
deboerae  is  also  supposed  to  be  different  from  the  other  species 
in  that  segment  IV  has  the  lateral  inframedian  carina  present  on 
the  distal  2/5  of  the  segment.  The  distal  end  of  the  segment  is 
where  the  carina  originates,  so  if  a carina  is  present  at  all,  it  is 
usually  found  in  the  distal  2/5  of  the  segment.  Therefore  I 
believe  Ayrey  was  attempting  to  say  that  the  carina  was  present 
on  at  least  the  distal  2/5  of  the  segment.  In  fact,  29.2%  of 
Vaejovis  deboerae  specimens  examined  in  this  study  did  not 
have  the  lateral  inframedian  carina  at  all  and  only  62.5%  had 


the  carina  present  on  at  least  the  distal  2/5  of  the  segment. 
Additionally,  53.9%  of  V.  cashi  and  66.2%  of  V.  elect  rum  had 
the  carina  present  on  at  least  the  distal  2/5  of  metasomal 
segment  IV.  That  means  there  is  about  the  same  probability  to 
identify  a specimen  of  V.  deboerae  correctly  as  there  is  to 
misidentify  V.  cashi  or  V.  electrum  specimens  as  V.  deboerae. 

It  must  be  admitted  that  the  current  study  also  suffers  from 
some  low  sample  sizes.  For  example,  only  2 male  specimens  of 
V.  paysonensis  were  examined.  The  rule  for  reporting  measure- 
ments with  ranges  overlapping  10%  or  less  was  detennined  a 
priori  to  minimize  any  biases  of  character  reporting.  For  that 
reason,  measurements  of  male  V.  paysonensis  were  included.  To 
exclude  them  would  introduce  bias,  even  though  a larger  sample 
size  would  have  been  much  preferred. 

For  this  study,  I used  the  phylogenetic  species  concept, 
which  delimits  species  as  the  smallest  group  of  individuals  that 
forms  a monophyletic  group  and  displays  consistent  distribu- 
tions of  characters  (Donoghue  1985).  This  species  concept  has 
been  used  in  describing  scorpion  species  previously  (Prendini 
2001).  Although  many  of  the  traits  used  to  diagnose  these 
species  do  overlap,  the  amount  of  characters,  along  with  the 
minimal  overlap  (10%  rule),  suggest  that  these  species  are 
indeed  distinct.  Further  evidence  is  found  in  the  discriminant 
function  analysis,  especially  for  males,  which  misclassified  less 
than  10%  of  the  specimens. 
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Olfaction-based  mate-odor  identification  by  jumping  spiders  from  the  genus  Portia 
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Abstract.  Jumping  spiders  (Salticidae)  are  known  for  having  good  eyesight,  but  the  extent  to  which  they  also  rely  on 
olfaction  is  poorly  understood.  We  report  here  new  information  on  the  olfactory  abilities  of  the  salticid  genus  Portia.  We 
investigated  for  the  first  time  the  ability  of  adult  males  and  females  of  four  Portia  species  (P.  africana,  P.  schidtzi,  P. 
fimbriata  and  P.  hihiata)  to  discriminate  between  mate  and  non-mate  odor.  In  a Y-shape  olfactometer,  males  of  all  four 
species  chose  the  odor  from  an  opposite-sex  conspecific  significantly  more  often  than  they  chose  a no-odor  control,  but  the 
number  of  males  that  chose  the  odor  from  an  opposite-sex  heterospeeific  or  the  odor  from  a same-sex  conspecific  was  not 
significantly  different  from  the  number  of  males  that  chose  the  control.  The  number  of  female  test  spiders  that  chose  the 
odor  from  an  opposite-sex  conspecific  or  the  odor  from  a same-sex  conspecific  was  not  significantly  different  from  the 
number  of  females  that  chose  the  control.  The  implications  of  these  findings  for  understanding  Portia's  mating  system  are 
discussed. 

Keywords:  Olfaction,  mate-identification,  mating  systems,  pheromones,  Salticidae 


Jumping  spiders  (Araneae:  Salticidae)  are  renowned  for  having 
unique,  complex  eyes  (Land  & Nilsson  2002),  eyesight  based  on 
exceptional  spatial  acuity  and  intricate  vision-based  behavior.  Yet 
chemoreception  also  plays  an  important  role  in  salticid  predatory  and 
mating  behavior,  either  in  conjunction  with  or  as  alternatives  to  vision- 
based  signals  (Pollard  et  al.  1987;  Clark  et  al.  2000;  Jackson  et  al.  2002, 
2005).  In  particular,  it  may  be  common  for  salticid  males  to  gain 
information  about  the  presence  of  potential  mates  by  detecting 
chemical  traces  (i.e.,  chemical  signpost  signals)  left  behind  on  draglines 
or  nest  silk  (Jackson  1987;  Clark  & Jackson  1994a,  b;  1995a,  b;  Taylor 
1998;  Clark  et  al.  1999).  Considerably  less  is  known  about  the  extent 
to  which  salticid  mating  strategies  depend  on  the  detection  and 
identification  of  volatile  compounds  (i.e.,  olfaction),  with  most  of  what 
we  currently  know  having  come  from  a single  species,  Evarcha 
culicivora  Wesolowska  & Jackson  2003.  This  unusual  salticid  from 
East  Africa  feeds  indirectly  on  blood  by  targeting  blood-carrying 
mosquitoes  as  preferred  prey  (Cross  & Jackson  2010a),  and  experi- 
ments have  shown  that  E.  culicivora  can  identify  this  prey  even  when 
restricted  to  using  sight  alone  or  olfaction  alone  (Jackson  et  al.  2005). 
Human  odor  and  the  odor  of  particular  plant  species  are  also  salient  to 
this  spider  (Cross  & Jackson  2009a,  2011b).  Moreover,  even  when 
restricted  to  using  olfaction  alone,  each  sex  of  £.  culicivora  can  identify 
potential  mates  (Cross  & Jackson  2009b,  c)  and  also  determine  whether 
a potential  mate  has  recently  fed  on  a blood-carrying  mosquito  or 
whether  it  has  fed  on  something  else  (Cross  et  al.  2009). 

Here  we  report  on  an  experimental  study  of  olfaction-based  mate- 
identification  behavior  by  Portia  africana  (Simon  1 886),  Portia  scluiltzi 
Karsch  1878,  Portia  fimbriata  (Doleschall  1859)  and  Portia  labiata 
(Thorell  1887),  species  that  are  only  distantly  related  to  E.  culicivora. 
Salticid  systematics  remains  poorly  understood,  but  three  major  taxa 
are  generally  recognized,  the  Salticoida,  Spartaeinae  and  Lyssomani- 
nae  (Maddison  & Hedin  2003).  E.  culicivora,  along  with  most  salticids, 
is  a salticoid.  Portia  belongs  to  the  subfamily  Spartaeinae,  and 
spartaeines  are  known  for  having  unusual  predatory  strategies  (Su 
et  al.  2007).  Although  most  salticids  probably  prey  primarily  on  insects 
(Richman  & Jackson  1992),  most  spartaeines  that  have  been  studied 
specialize  at  feeding  on  other  spiders  (i.e.,  they  are  ‘araneophagic’).  Part 
of  what  ‘araneophagy’  means  is  that  these  salticids  adopt  prey-specific 
tactics  for  capturing  other  spiders,  and  also  that  they  express  a strong, 
active  preference  for  eating  other  spiders  (Jackson  & Pollard  1996;  Li  & 
Jackson  1996;  Nelson  & Jackson  201 1).  For  an  araneophagic  salticid, 
making  use  of  olfactory  cues  from  prey  may  often  be  especially 


advantageous  because  another  spider  is  not  only  potential  prey  but  also 
a potential  predator.  Earlier  research  has  provided  experimental 
evidence  of  olfactory  prey  identification  by  two  araneophagic 
spartaeines,  Portia  fimbriata  (Jackson  et  al.  2002)  and  Cyrba  algcrina 
(Lucas  1846)  (Cerveira  & Jackson  2011). 

Owing  to  how  encounters  between  opposite-sex  conspecifics  can 
end  in  cannibalism,  the  prey-choice  and  mate-choice  decisions  of 
salticids  may  often  be  intertwined  (Elgar  1992;  Jackson  & Pollard 
1997).  The  overlap  between  predatory  and  mating  strategies  may  be 
especially  evident  when  we  consider  Portia  and  other  araneophagic 
salticids.  Encountering  Portia  females  may  be  especially  dangerous 
for  Portia  males  (Jackson  & Hallas  1986),  a risk  made  all  the  worse  by 
how  with  Portia,  as  is  commonly  the  case  in  animals  (Trivers  1972), 
males  are  more  active  than  females  in  initiating  courtship.  Taken 
together,  this  suggests  that  Portia  is  a salticid  in  which,  for  males, 
early  identification  of  conspecific  females  would  be  especially 
advantageous. 

From  earlier  work  on  two  Portia  species  (P.  africana  and  P. 
fimbriata),  there  is  indirect  evidence  that  males,  but  not  females, 
identify  the  odor  of  potential  mates  (Willey  & Jackson  1993;  Cross 
et  al.  2007a;  Cross  & Jackson  2009b).  Here  we  investigate  directly  for 
the  first  time  the  hypotheses  that  spiders  from  the  genus  Portia  can 
identify  the  odor  of  potential  mates  on  the  basis  of  olfaction  alone 
and  that  this  is  an  ability  expressed  strongly  by  males  but  only 
weakly,  if  at  all,  by  females. 

METHODS 

All  test  spiders  were  taken  from  laboratory  cultures  (second  and 
third  generation).  The  origins  of  these  cultures  were  Mbita  Point 
(Kenya)  for  P.  africana,  Malindi  (Kenya)  for  P.  .sclmltzi,  Cairns 
(Australia)  for  P.  fimbriata  and  Los  Baiios  (Philippines)  for  P. 
labiata.  Voucher  specimens  were  deposited  at  the  National  Museums 
of  Kenya  (Nairobi),  the  Museum  of  Natural  History  (Wroclaw 
University,  Poland)  and  the  Florida  State  Collection  of  Arthropods 
(Gainesville,  Florida). 

Standard  spider-laboratory  rearing  and  testing  procedures  were 
adopted  (for  details,  see  Jackson  & Hallas  1986).  No  test  spider  had 
prior  experience  with  other  Portia  individuals.  For  standardization, 
all  test  and  source  spiders  were  unmated  adults  that  had  matured 
2-3  wk  before  testing  and  all  were  of  a standard  body  length  (accurate 
to  nearest  0.5  mm):  males  8 mm,  females  10  mm.  Hunger  level  was 
also  standardized,  with  each  test  and  each  source  spider  fasting  for 
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four  days  prior  to  testing.  Testing  was  carried  out  between  0900  and 
1200  h (laboratory  photoperiod  12L:12D,  lights  on  0800  h). 

Testing  was  carried  out  using  a Y-shaped  olfactometer  (Fig.  1 ) with 
air  pushed  by  a pump  independently  into  two  chambers,  an 
experimental  chamber  and  a control  chamber.  Airflow  was  adjusted 
to  1500  ml/min  using  Matheson  FM-1000  flow  meters,  and  there  was 
no  evidence  that  this  airflow  setting  impaired  locomotion  or  had  any 
adverse  effects  on  the  test  spider’s  behavior.  Each  chamber  was  a glass 
cube  made  from  5-mm  thick  glass  (inner  dimensions,  70  X 70  X 
70  mm),  with  a removable  lid.  There  were  two  holes  (20  mm  diam.) 
situated  opposite  each  other  on  the  cube,  each  hole  being  plugged  with 
a rubber  stopper.  There  was  a hole  in  each  stopper  through  which  a 
glass  tube  (45  mm  length,  4 mm  diam.)  passed,  enabling  air  to  move  in 
and  out  of  the  chambers.  On  the  stopper,  a nylon-netting  screen 
ensured  that  the  test  spider  could  not  enter  the  chamber.  New  netting 
was  used  for  each  test.  From  the  chambers,  air  moved  independently 
into  the  two  arms  of  the  Y (the  control  and  the  experimental  arm). 

The  odor  source  (a  spider)  was  in  the  experimental  chamber.  There 
was  no  odor  source  in  the  control  chamber.  A series  of  experiments 
was  carried  out  with  each  of  the  four  Portia  species:  male  tested  with 
conspecific  female  odor,  male  tested  with  heterospecific  female  odor, 
male  tested  with  conspecific  male  odor,  female  tested  with  conspecific 
male  odor,  female  tested  with  conspecific  female  odor  (see  Table  1). 
Testing  Portia  females  with  the  odor  of  heterospecific  males  might 
have  also  been  of  interest,  but  this  would  have  meant  addressing 
questions  somewhat  tangential  to  our  specific  objective  in  this  study 
of  investigating  Portia's  ability  to  discriminate  between  mate  and 
non-mate  odor.  We  found  that  the  odor  of  opposite-sex  conspecifics 
was  salient  to  males  but  not  to  females  (see  Results),  and  this  gave  us 
a clear  rationale  for  testing  whether  Portia  males  had  specifically 
responded  to  mate  odor  or  whether  they  had  responded  to  the  odor  of 
opposite-sex  salticids  in  general.  However,  there  was  no  comparable 
rationale  for  also  investigating  this  for  Portia  females. 

A test  spider  was  confined  to  a holding  chamber  at  the  far  end  of 
the  test  arm  for  2 min  before  testing  began.  A removable  metal  grill  fit 
into  a slit  in  the  chamber  roof,  blocking  access  to  the  rest  of  the 
olfactometer.  The  grill  was  lifted  to  start  a test.  Once  the  spider  left 
the  holding  chamber,  it  was  given  30  min  in  which  to  make  a choice, 
with  the  operational  definition  of  ‘choosing’  being  that  it  entered 
either  the  control  arm  or  the  experimental  arm  of  the  olfactometer 
and  remained  there  for  30  s.  Each  spider  usually  walked  about 
actively  in  the  olfactometer  and  we  recorded  which  of  the  two  arms  it 
chose.  As  a precaution  against  the  possibility  that  test  spider  behavior 
was  influenced  by  traces  left  by  spiders  that  had  been  tested 
previously,  the  olfactometer  was  dismantled  and  cleaned  with  80% 
ethanol  and  then  with  distilled  water  between  tests. 

Data  for  each  experiment  were  analyzed  using  chi-square  tests  for 
goodness  of  fit  (null  hypothesis:  probability  of  making  one  of  the  two 
choices  same  as  probability  of  making  other  choice).  Using  chi-square 
tests  of  independence  (null  hypothesis:  choices  made  by  one  group  of 
test  spiders  same  as  choices  made  by  other  group  of  test  spiders), 
comparisons  were  also  made  between  different  groups  of  test  spiders. 
Bonferroni  adjustments  were  applied  whenever  there  was  repeated 
testing  of  the  same  data  sets  (alpha  0.05,  adjusted  alpha  0.013:  see 
Howell  2002).  For  data  analysis,  individuals  that  failed  to  choose 
were  ignored.  For  each  experiment,  n = 30. 

RESULTS 

For  each  of  the  four  Portia  species,  the  number  of  males  that  chose 
the  odor  of  conspecific  females  was  significantly  more  than  the 
number  of  males  that  chose  the  no-odor  control  (Tables  1 & 2).  The 
number  of  females  that  chose  the  odor  of  conspecific  males  was  not 
significantly  different  from  the  number  of  females  that  chose  the 
control.  In  all  other  experiments,  there  was  no  significant  difference 
between  the  number  of  test  spiders  (male  or  female)  that  chose  the 
experimental  odor  and  the  number  that  chose  the  control. 


Air  in  (pushed  via  pump) 


Figure  1. — Olfactometer  (not  drawn  to  scale).  Arrows  indicate 
direction  of  airflow.  Holding  chamber  (location  of  test  spider  at  start 
of  test):  25  mm  length,  25  mm  inner  diam.  Start  of  test:  test  spider  in 
holding  chamber;  grill  removed,  giving  access  to  test  arm,  control  arm 
and  experimental  arm.  Dimensions  of  test  arm,  control  arm  and 
experimental  arm:  90  mm  length,  20  mm  inner  diam.  Opaque  barriers 
prevent  test  spider  from  seeing  odor  source. 

Males  made  significantly  different  choices  when  the  experimental 
odor  was  from  an  opposite-sex  conspecific  instead  of  an  opposite-sex 
heterospecific  (P.  africana:  = 9.32,  P = 0.002;  P.  schultzv.  X'  = 

13.61,  R < 0.001;  P.  fimhriata:  = 8.52,  P = 0.004;  P.  lahiata:  X^  = 
20,  P < 0.001)  and  they  made  significantly  different  choices  when  the 
experimental  odor  was  from  an  opposite-sex  conspecific  instead  of  a 
same-sex  conspecific  (P.  africana:  X~  = 19.20,  P < 0.001;  P.  schultzi: 

= 13.61,  R < 0.001;' R.  fimhriata:  Y*  = 13.02,  R < 0.001;  R. 
lahiata:  Y’  = 23.72,  R < 0.001).  Choices  made  by  males  were  also 
significantly  different  from  choices  made  by  females  when  the 
experimental  odor  was  from  an  opposite-sex  conspecific  (R.  africana: 
Y-  = 13.87,  R < 0.001;  R.  schultzi:  X~  = 10.33,  R = 0.001;  R. 
fimhriata:  X'  = 11.43,  R < 0.001;  R.  lahiata:  X'  = 20,  R < 0.001). 
Choices  made  by  females  when  the  experimental  odor  was  from  an 
opposite-sex  conspecific  instead  of  a same-sex  conspecific  were  not 
significantly  different  (R.  africana:  X~  = 0.27,  R = 0.605;  R.  schultzi: 
X-  = 0.07,  R = 0.793;  R.  fimhriata:  X"  = 0.07,  R = 0.796;  R.  lahiata: 
Y’  = 0,  R = 1.00). 

DISCUSSION 

There  is  abundant  evidence  that  dragline-associated  chemical  cues 
assist  salticids  with  the  task  of  identifying  potential  mates  (e.g., 
Pollard  et  al.  1987;  Clark  & Jackson  1995b;  Taylor  1998).  However, 
until  now,  the  only  direct  evidence  of  olfactory  mate  identification  by 
salticids  has  come  from  Evarcha  culicivora  (Cross  & Jackson  2009c; 
Cross  et  al.  2009).  Both  sexes  of  E.  culicivora  expressed  olfactory  mate 
identification.  The  results  of  our  present  study  are  different  because 
we  found  evidence  for  Portia  males,  but  not  for  Portia  females,  of 
olfactory  mate  identification. 
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Table  1. — Summary  of  findings  from  experiments  testing  four 
Portia  species  for  ability  to  discern  mate  odor.  Sample  size  30  for  each 
species  in  each  cell.  ( 1 ) For  each  species,  the  number  of  individuals 
that  chose  the  odor  was  significantly  different  from  the  number  that 
chose  the  no-odor  control.  (2)  For  each  species,  the  number  of 
individuals  that  chose  the  odor  was  not  significantly  different  from 
the  number  that  chose  the  no-odor  control.  (3)  Not  tested. 


Odor  of 
opposite-sex 
conspecific 

Odor  of  same- 
sex  conspecific 

Odor  of 
opposite-sex 
heterospecific 

Male  test  spider 

(1) 

(2) 

(2) 

Female  test 

spider 

(2) 

(2) 

(3) 

Previous  work  has  shown  that  one  of  the  salticid  species  we 
investigated  here,  Portia  fimhriata,  makes  use  of  olfaction  in  the 
context  of  predation  (Jackson  et  al.  2002).  Previous  work  has  also 
shown  that  males,  but  not  females,  of  P.  fimbriata  and  P.  africatui 
escalate  conflicts  with  same-sex  rivals  when  the  odor  they  detect 
comes  from  opposite-sex  conspecifics  instead  of  from  opposite-sex 
heterospecifics  (Cross  et  al.  2007a;  Cross  & Jackson  2009b).  More 
specifically,  it  has  been  shown  that,  for  these  two  species,  competition 
for  access  to  mates  becomes  more  intensive  for  males  than  for  females 
when  odor  from  opposite-sex  conspecifics  is  present.  This  is  consistent 
with  a simplistic  interpretation  of  Trivers’  (1972)  argument  that  sex 
roles  are  qualitatively  different,  with  only  one  sex  (usually  the  male) 
doing  the  active  courting  and  competing  for  access  to  mates  and  with 
only  one  sex  (usually  the  female)  being  especially  choosy.  Recent 
work  with  a population  of  P.  fimbriata  from  Queensland  (Australia) 
has  shown  that  males  and  females  of  this  species  may  place  different 
emphasis  on  different  resources,  with  access  to  potential  mates  being 
more  important  for  males  (Cross  & Jackson  2009b)  and  with  access  to 
a particular  prey  species  (Jacksonoides  queenslandicus  Wanless  1988, 
a common  salticid  species  in  P.  fimbriata' s habitat)  being  more 
important  for  females  (Cross  & Jackson  201  la). 


Whether  mate  odor  is  salient  to  salticid  females  may  depend,  in 
part,  on  the  mating  system  of  the  species  in  question.  For  example,  E. 
cidicivora's  mating  system  differs  from  that  of  the  four  Portia  species 
we  tested,  as  E.  culicivora  is  a salticid  species  in  which  mutual  mate 
choice  is  expressed  especially  strongly  (Cross  et  al.  2007b).  Besides 
mate  odor  being  salient  to  males  and  to  females  of  this  species  (Cross 
& Jackson  2009c),  both  sexes  also  escalate  conflict  with  a same-sex 
rival  when  they  are  presented  with  the  odor  of  a potential  mate  (Cross 
& Jackson  2009b). 

Although  we  demonstrated  olfactory  mate  identification  for  males 
but  not  for  females  in  the  present  study,  non-significant  findings  do 
not,  of  course,  simply  prove  that  Portia  females  are  indifferent  to 
male  odor.  Perhaps  the  female’s  response  to  male  odor  drops  to  a 
level  below  the  sensitivity  of  our  choice-test  design.  Maybe  another 
experimental  design  would  be  more  effective.  However,  regardless  of 
how  these  non-significant  findings  are  interpreted,  our  findings  imply 
an  interesting  male-female  difference.  Early  detection  of  odor  from  a 
potential  mate  seems  to  be  of  greater  importance  to  the  males  than  to 
the  females  of  Portia.  This  in  turn  suggests  that  females  are  more 
important  as  a resource  to  males  (i.e.,  as  potential  mates)  than  males 
are  as  a resource  to  females.  However,  Portia  females  may  also  be 
more  dangerous  to  males  (i.e.,  as  potential  predators)  than  males  are 
to  females  (Jackson  & Hallas  1986),  and  this  might  in  turn  make  early 
detection  of  mate  odor  more  important  for  males  than  for  females. 
Being  prepared  for  encounters  with  a conspecific  female  may  have  an 
especially  important  self-defense  role  for  males. 

Yet  caution  is  needed  when  basing  conclusions  on  olfactometer 
data.  The  basic  conclusion  implied  by  our  findings  is  that  the  odor 
of  conspecific  females  is  salient  to  Portia  males.  It  may  be  tempting 
to  conclude  that  Portia  males  are  also  attracted  to  female  odor,  but 
the  biologically  relevant  effects  of  female  odor  on  males  may  be 
considerably  different.  The  hypothesis  we  are  currently  investigating 
for  Portia  is  that,  when  the  odor  of  a conspecific  female  is  detected, 
a primary  effect  on  the  male  is  the  triggering  of  selective  visual 
attention  (i.e.,  he  becomes  prepared  to  see  a conspecific  female). 
There  is  evidence  that  prior  exposure  to  the  odor  of  a specific  prey 
(Jacksonoides  queenslandicus)  prepares  P.  fimbriata  to  see  this 
particular  prey  species  (Jackson  et  al.  2002).  Experiments  have  also 


Table  2. — Choices  made  by  adult  males  and  females  of  four  Portia  species  in  Y-shaped  olfactometer.  Odor  source  in  experimental  chamber: 
adult  source  spider.  Control  chamber:  no  odor  source  present,  n = 30  for  each  row.  Choice  defined  by  arm  of  olfactometer  entered  and  remained 
in  for  minimum  of  30  s. 


Test  spider 

Source  spider 

Chose  experimental 

Chose  control 

Test  for  goodness  of  fit 

X“  P 

Portia  africana  male 

Portia  africana  female 

28 

2 

22.533 

< 0.001 

Portia  africana  male 

Portia  schultzi  female 

18 

12 

1.200 

0.273 

Portia  africana  male 

Portia  africana  male 

12 

18 

1.200 

0.273 

Portia  africana  female 

Portia  africana  male 

15 

15 

0.000 

1.000 

Portia  africana  female 

Portia  africana  female 

13 

17 

0.533 

0.465 

Portia  schuhzi  male 

Portia  schultzi  female 

25 

5 

13.333 

< 0.001 

Portia  schultzi  male 

Portia  africana  female 

11 

19 

2.133 

0.144 

Portia  schultzi  male 

Portia  schultzi  male 

11 

19 

2.133 

0.144 

Portia  schultzi  female 

Portia  schultzi  male 

13 

17 

0.533 

0.465 

Portia  schultzi  female 

Portia  schultzi  female 

12 

18 

1.200 

0.273 

Portia  fimhriata  male 

Portia  fimbriata  female 

27 

3 

19.200 

< 0.001 

Portia  fimhriata  male 

Portia  lahiata  female 

17 

13 

0.533 

0.465 

Portia  fimhriata  male 

Portia  fimhriata  male 

14 

16 

0.133 

0.715 

Portia  fimhriata  female 

Portia  fimhriata  male 

15 

15 

0.000 

1.000 

Portia  fimhriata  female 

Portia  fimhriata  female 

14 

16 

0.133 

0.715 

Portia  lahiata  male 

Portia  lahiata  female 

30 

0 

30.000 

< 0.001 

Portia  lahiata  male 

Portia  fimhriata  female 

15 

15 

0.000 

1.000 

Portia  lahiata  male 

Portia  lahiata  male 

13 

17 

0.533 

0.465 

Portia  lahiata  female 

Portia  lahiata  male 

15 

15 

0.000 

1.000 

Portia  lahiata  female 

Portia  lahiata  female 

15 

15 

0.000 

1.000 
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shown  that  tlie  odor  of  preferred  prey  (i.e.,  blood-carrying  female 
mosquitoes)  makes  E.  culicivoni  selectively  attentive  to  the  odor  and 
appearance  of  this  particular  prey,  and  that  the  odor  of  a potential 
mate  makes  E.  culicivoni  selectively  attentive  to  the  odor  of  potential 
mates  (Cross  & Jackson  2009d,  2010b).  We  are  currently  investigating 
whether  the  odor  of  conspecific  females  also  inHuences  selective  visual 
attention  by  Portia  males  to  the  appearance  of  conspecific  females. 
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Male  mate  choice  in  Allocosa  alticeps  (Araneae:  Lycosidae),  a sand-dwelling  spider  with  sex  role  reversal 


Anita  Aisenberg'  and  Macarena  Gonzalez'-^;  'Laboratorio  de  Etologia,  Ecologi'a  y Evolucion,  Institute  de  Investigaciones 
Biologicas  Clemente  Estable,  Av.  Italia  3318  CP  1 1600,  Montevideo,  Uruguay;  -CONICET  - Laboratorio  de  Biologia 
Reproductiva  y Evolucion,  F.C.E.F.N.,  UNC,  V.  Sarsfield  299,  Cordoba,  Argentina.  E-mail:  aisenber@iibce.edu. uy 

Abstract.  When  males  have  high  reproductive  investment  and  female  quality  is  variable,  male  assessment  of  sexual 
partners  is  expected.  Allocosa  alticeps  (Mello-Leitao  1944)  is  a nocturnal  wolf  spider  that  shows  a reversal  in  the  sex  roles 
and  sexual  size  dimorphism  usual  in  spiders.  Females  are  the  smaller,  mobile  sex,  and  they  initiate  courtship.  Males 
construct  burrows  that  serve  as  mating  refuges  and  nests  for  female  oviposition  and  cocoon  care.  In  sex  role  reversed 
systems,  male  mate  assessment  is  expected.  Our  objective  was  to  test  the  occurrence  of  sequential  male  mate  assessment 
based  on  female  reproductive  status  and/or  body  characteristics  in  A.  alticeps,  discussing  the  results  under  sex  role  reversal 
hypotheses.  We  exposed  males  consecutively  to  virgin  females  and  mated  females  and  then  recorded  both  courtship 
performance  and  mating  occurrences  relative  to  individuals'  body  characteristics.  Virgin  and  mated  females  detected  and 
entered  male  burrows  in  all  the  cases,  and  they  were  courted  by  males.  However,  copulations  were  more  frequent  with 
virgin  females.  The  results  suggest  male  mate  selectivity  in  A.  alticeps  is  based  on  female  reproductive  status.  We  discuss 
possible  mechanisms  underlying  male  mate  choice  in  this  species. 

Keywords:  Sexual  selection,  wolf  spider,  sand  dunes,  male  mate  assessment 


Traditionally,  mate  choice  studies  have  focused  on  female 
interests,  and  females  are  expected  to  be  the  exclusively 
selective  sex  due  to  their  higher  reproductive  investment 
compared  to  males  (Darwin  1871;  Andersson  1994).  Recent 
theoretical  and  empirical  evidence  shows  that  when  males  have 
high  reproductive  costs  associated  with  sperm  production, 
mate  searching,  courtship,  copulation,  or  paternal  effort,  this 
sex  can  also  be  choosy  (Gwynne  1991;  Bonduriansky  2001; 
Clutton-Brock  2007).  In  sex  role  reversed  systems  where  male 
reproductive  investment  is  high  and  female  quality  is  variable, 
male  mate  assessment  is  expected  (Gwynne  1991,  2008; 
Bonduriansky  2001).  Such  appears  to  be  the  case  in  the  spider 
Allocosa  alticeps  (Mello-Leitao  1944),  a lycosid  that  shows  a 
reversal  in  typical  sex  roles  and  sexual  size  dimorphism 
expected  in  spiders  (Aisenberg  & Costa  2008). 

Virgin  females  are  expected  to  provide  a higher  paternal 
reproductive  success  if  males  are  able  to  monopolize  them  or 
minimize  female  future  mating  attempts  (Carriere  & McNeil 
1990;  Simmons  2001).  The  preference  for  virgins  over  mated 
females  has  been  reported  for  several  arthropod  groups 
including  diverse  insects,  crayfish,  and  spiders  (Gwynne  1991; 
Stoltz  et  al.  2007;  Aquiloni  & Gherardi  2008).  Female  fecundity 
in  many  arthropods  is  positively  correlated  with  such  traits  as 
body  size,  weight  and  body  condition  (Gwynne  1981;  Elwood 
et  al.  1987;  Wise  & Wagner  1992;  Marshall  & Gittlemaii  1994; 
Uhl  et  al.  2005),  so  these  variables  could  also  be  the  target  of 
male  mate  choice.  Most  studies  report  male  preference  based 
only  on  female  pheromones  (Gasket  2007),  but  in  some  cases 
mate  assessment  studies  include  the  direct  exposure  of  sexual 
partners,  recording  both  sexes’  responses  to  all  signals 
exchanged  during  courtship  (Moya-Laraho  et  al.  2003;  Gaskett 
et  al.  2004;  Kasumovic  et  al.  2007;  Pruitt  & Riechert  2009; 
Schulte  et  al.  2010). 

Allocosa  alticeps  is  a sex  role-reversed  nocturnal  wolf  spider 
that  constructs  burrows  along  the  sandy  coasts  of  Uruguay 
(Aisenberg  & Costa  2008).  Males  are  larger  than  females,  and 
females  are  the  mobile  sex  that  roves  searching  for  males  and 
initiates  courtship.  Males  can  respond  to  female  courtship 


and  mount  them.  Copulation  always  takes  place  inside  the 
male  burrows.  Females  prefer  to  copulate  with  males  that 
inhabit  long  burrows  (Aisenberg  & Costa  2008).  After 
copulation  ends,  the  males  exit  their  burrows,  seal  the 
entrances  with  silk  and  sand,  and  leave.  Females  stay  inside 
male  burrows  where  they  will  oviposit  and  exit  when  it  is  time 
for  spiderling  dispersal  (Aisenberg  & Costa  2008).  Females 
can  lay  up  to  four  egg-sacs  during  the  reproductive  period, 
and  the  first  one  is  the  largest  in  number  of  eggs  (Postiglioni 
et  al.  2008).  After  clutch  emergence,  the  females  will  exit  male 
burrows  for  dispersal  of  the  spiderlings  that  climb  on  the 
female  dorsa  (Costa  et  al.  2006).  As  they  are  not  good  diggers 
(Aisenberg  et  al.  2010),  females  will  need  to  copulate  again  to 
obtain  new  male  burrows  for  each  oviposition  event.  As 
copulations  take  place  exclusively  inside  their  burrows 
(Aisenberg  & Costa  2008),  males  will  need  a new  deep  burrow 
to  have  new  mating  opportunities,  and  they  will  be  exposed  to 
predation  until  they  construct  their  new  refuge  before 
daylight. 

According  to  sex  role  reversal  hypotheses  (Gwynne  1991), 
males  of  A.  alticeps  could  be  selective  when  making  mating 
decisions.  Our  objective  was  to  test  sequential  male  mate 
assessment  based  on  female  reproductive  status  and/or  body 
characteristics  in  Allocosa  alticeps.  In  order  to  test  the  central 
prediction  of  role  reversal,  male  choosiness  among  females,  we 
tested  male  response  to  consecutive  presentations  of  virgin  and 
mated  females  of  differing  body  conditions  (mass  and  size). 
We  predicted  that  males  would  prefer  to  copulate  with  virgins 
compared  to  mated  females,  and  with  those  females  that 
showed  high  weight  values,  as  a way  to  maximize  their 
reproductive  success.  We  discuss  the  results  under  sex  role 
reversal  hypotheses. 

METHODS 

Natural  history. — Individuals  reported  in  earlier  studies 
as  Allocosa  sp.  (Capocasale  1990;  Costa  1995;  Costa  et  al. 
2006;  Aisenberg  & Costa  2008)  were  later  identified  as 
Allocosa  alticeps  (Aisenberg  et  al.  2009).  Carapace  width 
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averages  2.94  ± 0.30  mm  in  females  and  3.28  ± 0.54  mm  in 
males  (Aisenberg  et  al.  2009).  Individuals  of  A.  alticeps  stay  in 
their  burrows  during  the  day  and  become  active  during 
summer  nights  (Costa  1995).  While  females  construct  silk 
capsules  where  they  remain  during  daytime,  males  construct 
deep  and  vertical  tubular  burrows  with  a single  entrance 
(Capocasale  1990;  Aisenberg  & Costa  2008).  Male  burrows 
average  8.4  ± 1.6  cm  length,  and  0.8  ± 0.1  cm  width 
(Aisenberg  & Costa  2008).  Males  have  specialized  setae  on  the 
distal  section  of  the  pedipalp  that  aid  digging  in  this  sex 
(Aisenberg  et  al.  2010).  Due  to  the  location  of  mating,  a 
burrow  with  a single  entrance,  and  the  typical  burrow 
dimensions,  we  would  expect  sequential  but  not  simultaneous 
encounters  between  a male  and  more  than  one  female. 

Capture  and  housing. — We  collected  22  adult  males,  15 
mated  females  (10  with  egg-sacs,  5 carrying  spiderlings)  and  25 
sub-adult  females  of  A.  alticeps  in  the  coastal  sand  beaches  of 
Marindia,  Canelones,  Uruguay  (34°46'49.9"S,  55°49'34.1"W), 
from  November  2007  to  March  2008,  and  from  November 
2008  to  March  2009.  We  captured  the  spiders  during  the  night 
by  using  headlamps  to  locate  them  walking  or  leaning  out 
from  the  burrows,  or  during  daylight  by  sifting  the  sand.  We 
housed  each  spider  individually  in  culture  dishes  (9.5  cm 
diam.,  1.5  cm  height),  with  sand  as  substrate  and  cotton  wool 
soaked  in  water.  We  fed  individuals  three  times  a week  with 
juvenile  cockroaches  Blaptica  diihia  (Blattaria:  Blaberidae) 
and  mealworm  larvae  Tenebrio  sp.  (Coleoptera:  Tenebrioni- 
dae).  To  obtain  virgin  females,  we  daily  monitored  sub-adults 
and  recorded  molting  occurrence. 

Experimental  design. — We  performed  the  trials  between 
December  4 (2007)  and  April  18  (2008),  and  between  January 
2 and  March  3 (2009).  We  used  individuals  of  at  least  10  days 
of  adult  age,  or  seven  days  after  their  capture  at  the  field. 
When  females  were  collected  with  egg-sacs  or  spiderlings,  we 
removed  them  and  waited  ten  days  before  using  the  spiders  in 
a trial.  We  fed  the  animals  for  the  last  time  48  h prior  to  the 
trials,  which  began  at  dusk,  coinciding  with  the  period  of 
activity  described  for  the  species  (Costa  1995). 

We  carried  out  the  trials  in  glass  cages  (30  cm  length,  16  cm 
width,  20  cm  height),  with  a layer  of  15  cm  of  sand  as  substrate 
and  water  supply.  We  randomly  chose  individuals  for  each 
trial.  We  placed  each  male  in  the  arena  48  h prior  to  the  trial, 
allowing  burrow  construction.  Individuals  usually  construct 
their  burrows  against  the  glass  walls  (Aisenberg  & Costa 
2008),  allowing  observation  and  recording  of  their  behaviors 
inside  the  burrows.  Temperature  during  the  trials  averaged 
24.63  ± 1.27°  C (range:  21-26).  We  exposed  consecutively  and 
randomly  each  of  15  males  of  A.  alticeps  to  two  females  of 
different  reproductive  status  (virgins  and  mated  females).  We 
exposed  seven  males  first  to  virgin  females  and  the  other  eight 
first  to  mated  females.  The  male’s  second  exposure  to  a female 
took  place  48  h after  the  first  one.  We  only  considered  trials  in 
which  the  female  detected  the  male  burrow  within  an  hour.  If 
courtship  did  not  take  place,  the  trial  ended  after  a 30  min 
period.  We  considered  “detection”  as  the  point  when  the 
female,  after  contacting  the  silk  of  the  burrow  entrance,  stood 
still  and  leaned  into  the  male  burrow.  We  considered  “female 
courtship”  the  moment  when  the  female  entered  the  male 
burrow  and  performed  sequences  of  alternative  foreleg  waving 
(shaking  bouts)  (Aisenberg  & Costa  2008).  The  male 


sometimes  responded  by  shaking  his  body  and  forelegs 
rhythmically.  If  courtship  occurred  but  copulation  did  not 
take  place,  the  trial  ended  one  hour  after  placing  the  female  in 
the  arena.  If  copulation  occurred,  the  trial  finished  after  the 
male  covered  the  burrow  entrance  and  left.  We  did  not  reuse 
females.  We  also  recorded  the  occurrence  of  attacks  that 
resulted  in  injuries,  leg  loss,  and/or  cannibalism. 

Since  males  of  A.  alticeps  are  difficult  to  obtain  in  the  field 
because  of  their  highly  sedentary  condition  (Costa  et  al.  2006), 
we  worked  through  two  experimental  periods.  We  performed 
five  complete  trials,  exposing  one  male  to  one  virgin  and  one 
mated  female  during  the  first  experimental  period  (2007-2008) 
and  conducted  the  other  ten  trials  during  the  second  time 
period  (2009).  We  carried  out  the  trials  in  darkness  and 
recorded  with  a Sony  DCR-SR85  digital  video-camera  with 
night-shot.  We  analyzed  the  video  recordings  with  J Watcher 
software  (Blumstein  et  al.  2000).  We  measured  carapace  width, 
a measurement  considered  representative  of  body  size  in 
spiders  (Eberhard  et  al.  1998),  abdominal  width  and  weight  of 
all  individuals  immediately  before  the  trials.  The  index 
abdominal  width/carapace  width  was  considered  as  represen- 
tative of  body  condition,  as  described  by  Moya-Larano  et  al. 
(2003)  for  Lycosa  tarantula.  We  deposited  voucher  specimens 
in  the  arachnological  collection  of  Seccion  Entomologia, 
Facultad  de  Ciencias,  Montevideo,  Uruguay. 

Statistical  analysis. — We  analyzed  data  with  Past  Paleonto- 
logical Statistics  version  1.18  (Hammer  et  al.  2003)  and 
WINPEPI  version  1.6  (Abramson  2004).  We  compared 
frequencies  with  Fisher’s  exact  probability  test  or  the  McNemar 
test  for  dependent  samples  (paired  test).  We  checked  for  normal 
distribution  (Shapiro-Wilk  test)  and  homogeneity  of  variances 
(Levene  test)  of  courtship,  copulatory,  and  body  characteristics. 
As  variables  did  not  follow  parametric  conditions,  we  used  the 
non-parametric  Wilcoxon  matched-pairs  sign  test  to  compare 
courtship  and  copulatory  characteristics  when  males  were 
exposed  to  virgin  and  mated  females.  We  also  performed 
statistical  comparisons  between  virgin  and  mated  female  body 
characteristics  (carapace  width  and  weight)  with  the  non- 
parametric  Mann-Whitney  U-test.  We  performed  logistic 
regressions  with  mated  (yes/no)  as  the  response  and  female 
mating  status,  carapace  width  and  weight  as  predictors. 

RESULTS 

In  all  cases,  virgin  and  mated  females  detected  and  entered 
male  burrows.  All  virgins  (n  = 15),  and  14/15  mated  females  per- 
formed courtship  behavior  (McNemar  test;  x~  ~ 1-37,  P = 0.87). 
Virgin  females  performed  more  foreleg  waving  bouts  during 
courtship  than  mated  females  (Table  1).  However,  we  did  not 
find  significant  differences  in  foreleg  waving  bouts  per  minute 
between  virgin  and  mated  females.  All  males  courted  virgin 
females,  and  14/15  males  courted  mated  females  (McNemar  test; 

= 0.25,  P = 0.62).  We  did  not  find  differences  in  courtship 
duration,  male  abdominal  vibration  bouts,  or  male  abdominal 
vibration  bouts  per  minute  between  virgin  or  mated  females,  but 
male  leg  shaking  bouts  and  male  leg  shaking  bouts  per  minute 
were  higher  when  males  were  exposed  to  virgins  than  to  mated 
females  (Table  1). 

We  did  not  find  statistical  differences  in  the  number  of 
copulations  for  virgins  (Fisher’s  test:  P — 0.57),  or  mated 
females  (Fisher’s  test:  P = 0.26)  obtained  during  the  first  or 
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Table  1. — Female  and  male  courtship  characteristics  (median  ± quartile)  in  trials  with  virgin  females  and  mated  females,  and  results  of  the 
statistical  comparisons  between  these  two  groups  (non-parametric  Wilcoxon  matched-pairs  sign  test). 


Virgin  females 

Mated  females 

Statistics 

Females 

Number  of  leg  shaking  bouts 

27.00  ± 

43.50 

10.5  ± 

9.00 

n,  = 15,  «2  = 14,  T = 16.00,  P = 0.04 

Number  of  leg  shaking  bouts/min 

12.35  ± 

4.19 

17.24  ± 

16.60 

ni  = 15,  172  = 14,  T = 40.00,  P = 0.70 

Courtship  duration  (min) 

3.07  ± 

2.38 

0.90  ± 

1.35 

III  = 15,  «2  = 15,  7 = 20.00,  P = 0.07 

Males 

Number  of  leg  shaking  bouts 

211.98  ± 

249.70 

53.27  ± 

159.82 

n,  = 15,  «2  = 14,  7 = 9.00,  P = 0.006 

Number  of  leg  shaking  bouts/min 

6.09  ± 

3.69 

1.44  ± 

4.55 

111  = 15,  «2  = 14,  7 = 6.00,  P = 0.01 

Number  of  abdominal  vibration  bouts 

109.50  ± 

155.28 

100.04  ± 

96.98 

n,  = 15,  U2  = 14,  7 = 28.00,  7 = 0.12 

Number  of  abdominal  vibration  bouts/min 

5.87  ± 

3.24 

4.23  ± 

5.23 

n,  = 15,  112  = 14,  7 = 41.00,  P = 0.75 

Courtship  duration  (min) 

7.19  ± 

7.54 

4.27  ± 

4.77 

11,  = 15,  «2  = 14,  7 = 34.00,  P = 0.24 

second  experimental  period.  We  obtained  ten  copulations  with 
virgin  females  and  three  copulations  with  mated  females.  Of 
the  eight  males  that  were  exposed  first  to  virgin  females  and 
then  to  mated  females,  in  seven  cases  copulation  occurred  only 
in  the  first  exposure,  and  in  one  case  mating  also  occurred  in 
the  second  exposure.  Of  the  seven  males  that  were  introduced 
first  to  mated  females,  in  only  one  case  did  the  male  copulate 
with  the  mated  female,  and  no  re-mating  occurred.  In  three 
cases,  males  that  had  been  exposed  to  mated  females  first  and 
copulation  had  not  occurred,  copulated  with  virgin  females  in 
their  second  contact.  Three  males  did  not  copulate  in  either 
their  first  or  second  meeting.  Copulations  with  mated  females 
were  longer  (36.82  ± 6.41  mih)  than  copulations  with  virgin 
females  (21.82  ± 9.83  min)  {U  — 1,  «]  = 9,  ni  - 3,  P = 0.03). 
One  mated  female  was  attacked  prior  to  mounting  and  was 
cannibalized  by  the  male  inside  his  burrow.  In  this  case,  the 
female  had  courted  but  the  male  had  not  responded  with 
courtship  behavior. 

The  multiple  logistic  regression  with  mated  (yes/no)  as 
response  and  female  mating  status,  carapace  width  and  weight 
as  predictors  {]C  = 9.90,  df  = 3,  P = 0.02)  showed  that 
reproductive  status  {]C  = 6.25,  df  = 1,  P = 0.01),  but  not 
carapace  width  = 2.58,  df  = 1,  P — 0.11),  or  weight 

(X~  - 1.00,  df  = \,  P = 0.32),  predicted  whether  copulation 
would  occur  (Table  2).  Virgin  females  showed  higher  weight 
values  than  mated  females  (median  ± quartile:  virgins 
0.11  ± 0.02  g;  mated  females  0.08  ± 0.02  g;  U = 41.5, 
«!  = «2  = 15,  T*  = 0.006),  but  we  did  not  find  differences  in 
carapace  width  between  the  two  groups  (median  ± quartile: 
virgins  2.70  ± 0.30  mm;  mated  females  2.50  ± 0.37  mm; 


U — 100.5,  /7i  —112=  15,  P = 0.86).  Male  body  size  or  weight 
did  not  seem  to  affect  the  occurrence  of  copulation  with  virgin 
or  mated  females  = 0.87,  df  = 2,  P = 0.65;  Table  2). 

DISCUSSION 

The  higher  frequencies  of  male  leg  shaking  bouts  and  leg 
shaking  bouts  per  minute  performed  during  courtship  and  the 
higher  number  of  matings  with  virgins  compared  to  mated 
females  correlate  with  the  prediction  based  on  sex  role  reversal 
hypotheses  (Gwynne  1991;  Bonduriansky  2001;  Clutton- 
Brock  2007)  that  males  of  A.  alticeps  would  be  choosy  when 
they  make  mating  decisions.  Though  both  virgin  and  mated 
females  entered  male  burrows  and  performed  courtship 
behavior,  males  were  more  prone  to  mount  virgin  females. 
According  to  the  results  of  the  present  study,  males 
discriminate  between  virgin  and  mated  females  before 
mounting.  This  result  was  not  affected  by  the  order  in  which 
the  males  encountered  females  of  different  reproductive  status. 

Male  mate  preference  biased  towards  virgin  females  has 
been  reported  for  several  wolf  spiders  (Rypstra  et  al.  2003; 
Roberts  & Uetz  2005;  Baruffaldi  & Costa  2009)  and  other 
spider  taxa  (Herberstein  et  al.  2002;  Andrade  & Kasumovic 
2005;  Schulte  et  al.  2010).  As  we  stated  earlier,  virgin  females 
are  associated  with  greater  chances  of  male  paternity  success 
in  systems  with  first  male  sperm  priority  (Huber  2005).  In  A. 
alticeps,  females  stay  inside  the  male  burrow  after  copulation, 
oviposit  there,  and  remain  buried  until  they  exit  the  burrow 
with  the  spiderlings  on  their  dorsa  (Costa  et  al.  2006).  Females 
can  lay  up  to  four  consecutive  egg-sacs,  but  the  first  one  is  the 
largest  (Postiglioni  et  al.  2008).  Consequently,  when  males  of 


Table  2. — Female  and  male  body  measurements  (median  ± quartile)  distinguishing  when  mating  occurred  or  did  not  occur.  Sample  sizes  (n) 
are  shown  between  parentheses.  Weight  measurements  of  two  males  that  copulated  with  mated  females  were  lost  as  a result  of  human  error. 


Virgin  females 

Mated  females 

Mated  (ii  = 10)  Did  not  mate  (ii  = 5) 

Mated  (/;  = 3)  Did  not  mate  (/;  = 12) 

Females 

Carapace  width  (mm) 

2.65  ± 0.37 

2.80  ± 0.30 

2.50  ± 0.10 

2.70  ± 0.55 

Body  condition  index 

1.55  ± 0.30 

1.44  ± 0.20 

1.48  ± 0.12 

1.07  ± 0.28 

Weight  (g) 

0.10  ± 0.03 

0.11  ± 0.02 

0.09  ± 0.01 

0.08  ± 0.03 

Males 

Carapace  width  (mm) 

3.05  ± 0.35 

2.70  ± O.IO 

2.70  ±0.10 

3.05  ± 0.50 

Body  condition  index 

1.00  ± 0.08 

1.00  ± 0.22 

1.11  ± 0.11 

0.98  ±0.15 

Weight  (g) 

0.11  ± 0.03 

0.09  ± 0.03 

0.08 

0.10  ± 0.05 
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A.  alticeps  copulate  with  virgin  females,  they  will  ensure 
exclusive  paternity  of  the  first  and  largest  clutch. 

We  did  not  find  differences  between  mated  and  virgin 
females  in  their  approach  to  male  burrows  or  in  the  occurrence 
of  courtship.  Mated  females  performed  fewer  leg  shaking 
bouts  during  courtship  compared  to  virgins,  though  we  did 
not  find  differences  in  leg  shaking  bouts  per  minute  or  female 
courtship  duration.  We  do  not  know  the  basis  of  male 
discrimination,  but  the  lower  number  of  female  leg  shaking 
bouts  in  mated  females  could  reflect  a higher  sexual  reluctance 
that  could  also  affect  male  sexual  responses.  Males  might 
detect  subtle  differences  in  courtship  behavior,  or  volatile  and/ 
or  contact  pheromones  emitted  by  females  of  different  mating 
status,  or  by  previous  sexual  partners.  Nevertheless,  mated 
females  entered  males’  burrows  and  performed  courtship 
behavior,  which  suggests  that  females  of  this  reproductive 
status  are  sexually  receptive. 

Interestingly,  when  copulations  with  mated  females  oc- 
curred, they  were  longer  than  those  of  virgin  females,  as  occurs 
in  many  arthropods  (Simmons  2001).  This  could  suggest  the 
occurrence  of  sperm  displacement  mechanisms,  plug  removal, 
or  intensive  stimulation  to  promote  female  choice,  among 
other  mechanisms  described  for  spiders  (Elgar  1995;  Eberhard 
1996;  Huber  2005).  The  results  of  the  logistic  regression 
suggest  that  female  mating  status,  but  not  female  body 
characteristics,  is  the  most  important  criterion  on  which  males 
base  their  mating  decisions.  When  we  compared  weight 
between  virgin  and  mated  females,  virgins  were  heavier.  In 
this  case,  it  does  not  mean  that  female  reproductive  status  and 
female  weight  are  correlated  with  male  mating  acceptance.  The 
logistic  regression  shows  that  although  virgins  are  heavier  than 
mated  females  and  males  prefer  virgins,  within  each  category 
(virgins  or  mated)  males  do  not  prefer  those  females  showing 
higher  weight  values.  Characteristics  that  were  not  controlled, 
such  as  male  and  female  age  and  male  reproductive  status, 
could  also  affect  mate  choice  in  A.  alticeps,  as  has  been 
described  for  other  spiders  (Gaskett  et  al.  2004;  Uetz  & 
Norton  2007). 

In  A.  alticeps,  sexual  cannibalism  has  never  been  reported  in 
the  field  (Aisenberg  et  al.  2009)  and  occurred  in  only  one  case  in 
the  present  study  in  the  absence  of  male  courtship  and  prior 
to  mounting.  This  spider  is  sympatric  and  synchronic  with 
Allocosa  brasiliensis  (Petrunkevitch  1910),  another  spider  that 
shows  sex  role  and  sexual  size  dimorphism  reversal  (Aisenberg 
et  al.  2007).  However,  males  of  A.  brasiliensis  frequently  show 
sexual  cannibalism  on  females,  reported  both  in  field  and 
laboratory  conditions  (Aisenberg  et  al.  2009;  Aisenberg  et  al. 
2011).  In  A.  brasiliensis,  attacks  frequently  occur  after  courtship 
by  both  sexes  and  during  mounting  (Aisenberg  et  al.  2011). 
Differences  regarding  the  larger  body  size,  greater  longevity 
(Aisenberg  & Costa  2008),  and  possibly  higher  energetic 
requirements  in  A.  brasiliensis  compared  to  A.  alticeps  could 
be  affecting  mating  opportunities  and  modeling  the  foraging 
and  sexual  strategies  of  each  species. 

Future  studies  will  test  differences  in  male  mate  selectivity 
when  males  are  exposed  to  mated  females  captured  with  egg 
sacs  or  with  spiderlings  on  the  dorsa  and  the  effects  of  male 
age  and  reproductive  history  on  mate  assessment.  We  will 
also  test  under  laboratory  conditions  if  hunger  levels  and 
potential  mating  opportunities  affect  male  mate  choice  and  the 


occurrence  of  sexual  cannibalism  in  both  Allocosa  species. 
Finally,  studies  about  female  choice  in  A.  alticeps  will  also  help 
us  get  a complete  picture  of  the  behavioral  strategies  of  the 
species,  elucidating  the  pressures  driving  the  ro.ating  system  in 
this  sex  role  reversed  wolf  spider. 
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Chemical  prey  cues  influence  the  urban  microhabitat  preferences  of  Western  black  widow  spiders, 

Latrodectus  hesperiis 
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Abstract.  Spiders  are  important  predators  in  terrestrial  ecosystems,  and  several  spider  species  have  been  shown  to  use 
chemical  cues  to  locate  prey.  However,  the  extent  to  which  chemical  prey  cues  actually  drive  habitat  use  by  individual 
spiders  remains  unclear.  In  this  study  we  tested  whether  Western  black  widow  spiders,  Latrodectus  hesperiis  Chamberlin  & 

Ivie  1935,  can  detect  chemical  cues  left  by  potential  prey  items  and  adjust  their  habitat  preferences  (i.e.,  web  building 
behavior  and  refuge  choice)  accordingly.  Using  outdoor  enclosures,  we  gave  mature  female  widows  the  choice  of 
microhabitat  (rocks)  previously  housing  cricket  prey  versus  control  rocks  lacking  cricket  cues.  Our  results  showed  a 
significant  preference  by  black  widows  to  build  their  webs  in  areas  that  contain  chemical  prey  cues.  We  discuss  the 
implications  of  this  finding  for  our  understanding  of  urban  black  widow  habitat  use,  population  dynamics,  and  the 
potential  for  urban  infestations. 

Keywords:  Foraging  kairomone,  urban  ecology,  web  building,  predation 


Despite  being  the  oldest  method  of  animal  communication, 
olfaction  and  chemical  communication  have  historically  been 
less  studied  than  visual  and  acoustic  communication  (Brad- 
bury & Vehrencamp  1998).  However,  development  of  insect 
model  systems  has  allowed  for  great  advances  in  the  field  of 
chemical  ecology  (reviewed  in  Symonds  & Elgar  2008).  For 
example,  insect  models  have  helped  identify  the  widespread 
prevalence  of  sexual  pheromones  that  bring  males  and  females 
together,  sometimes  from  great  distances,  and  initiate  the 
mating  sequence  (Garde  & Minks  1995).  In  addition,  predator- 
prey  studies  involving  arthropods  have  been  instrumental  in 
the  rapidly  growing  study  of  kairomones,  chemical  cues 
emitted  by  a sender  that  are  exploited  by  a receiver  (Dicke 
& Sabelis  1988;  Dicke  & Grostal  2001;  see  Ruther  et  al. 
2007  for  expanded  definitions  of  kairomones).  In  particular, 
foraging  kairomones  allow  predators  to  locate  prey  (e.g. 
Clark  et  al.  2000;  Punzo  2006),  and  enemy-avoidance 
kairomones  allow  prey  to  avoid  predators  (Kortet  & Hedrick 
2004).  Thus,  chemical  signals  are  a critical  factor  shaping  the 
evolution  of  arthropod  mating  systems  and  predator-prey 
dynamics. 

Despite  a historical  emphasis  on  web-based,  vibratory 
communication,  spiders  have  proven  effective  model  species 
for  the  study  of  pheromonal  communication  (reviewed  in 
Gaskett  2007;  Schulz  et  al.  2004).  In  contrast,  the  study  of 
chemical  cues  mediating  predator-prey  dynamics  involving 
spiders  has  received  less  attention,  despite  the  widespread 
belief  that  spiders  are  key  predators  of  terrestrial  ecosystems 
(Wise  1993).  One  system  that  has  received  considerable 
attention  in  this  respect  involves  the  wolf  spider  Hogna  lielluo 
(Walckenaer  1837)  and  its  syntopic  prey  species,  the  smaller 
wolf  spider,  Pardosa  milvina  (Hentz  1844).  Wolf  spiders 
(Lycosidae)  are  a wandering,  non  web-building  taxon  found 
in  great  abundances  in  agricultural  ecosystems  of  the  United 
States  (Marshall  & Rypstra  1999).  From  the  perspective  of 
predation  risk,  P.  milvina  exhibit  anti-predator  behavioral 
responses  to  airborne  (Schonewolf  et  al.  2006)  as  well  as  silk 
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and  excreta-based,  chemical  cues  from  H.  Iwlliio  (Persons  et  al. 
2001,  2002;  Lehmann  et  al.  2004).  Conversely,  from  the 
perspective  of  prey  availability,  H.  helliio  recently  fed  P. 
milvina  prefer  areas  laden  with  chemical  cues  from  P.  milvina, 
whereas  H.  helluo  recently  fed  crickets  prefer  areas  laden  with 
chemical  cues  from  crickets  (Persons  & Rypstra  2000).  A 
similar  preference  for  patches  laden  with  cricket  chemical  cues 
has  been  shown  for  the  wolf  spider,  Schizocosa  ocreata 
(Persons  & Uetz  1996).  Thus,  chemical  cues  from  prey  play 
an  important  role  in  shaping  the  foraging  behavior  of  wolf 
spiders. 

Given  that  spiders  are  predators  thought  to  limit  insect 
populations,  it  is  surprising  that  more  studies  have  not  tested 
the  ability  of  non-lycosid  spiders  to  detect  chemical  cues  from 
their  prey  (but  see  Suter  et  all 989;  Allan  et  al.  1996;  Clark 
et  al.  2000  for  a few  examples).  Particularly  lacking  are  field/ 
mesocosm  studies  of  kairomone  use  by  web-building  spiders 
that  examine  spider  habitat/web  building  preferences  outside 
of  the  laboratory.  Web-building  spiders  make  a critical 
microhabitat  selection  decision  when  they  invest  the  time 
and  energy  required  to  build  and  maintain  a web.  Optimal  web 
location  is  likely  influenced  by  food  availability,  predation 
risk,  and  competition  (Smallwood  1993),  as  well  as  other 
factors  (e.g.  body  condition,  see  reviews  by  Janetos  1986; 
Riechert  & Gillespie  1986;  Herberstein  & Tso  2011).  Thus, 
selection  might  favor  web  placement  in  areas  of  prey 
abundance,  and  chemical  cues  from  prey  are  one  cue  of  prey 
availability/abundance. 

Here  we  test  the  idea  that  a locally  abundant  web-building 
spider,  the  Western  black  widow  (Latrodectus  hesperiis 
Chamberlin  & Ivie  1935),  uses  chemical  prey  cues  to  determine 
where  to  place  its  web.  Widow  spiders  (Latrodectus  spp.j  are 
perhaps  best  known  for  the  potency  of  their  venom  (Orlova 
et  al.,  2000)  and  the  medical  concern  these  toxins  present  to 
human  victims  (Muller  1993;  Gonzalez  2001).  Moreover, 
widow  spiders  have  proven  to  be  outstanding  urban, 
agricultural  and  invasive  pests  (Costello  & Daane  1999; 
Daane  et  al.  2004;  Garb  et  al.  2004).  In  particular,  L.  hesperiis 
populations  in  urban  habitats  of  Phoenix,  Arizona  (e.g.. 
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schoolyards)  can  reach  0.28  spiders/m^,  with  reduced  nearest 
neighbor  distances  (mean  = 1.9  m)  relative  to  populations  from 
surrounding,  undisturbed  Sonoran  desert  habitat  (density  = 
0.006  spiders/m^  and  nearest  neighbor  distance  > 50  m;  Johnson 
unpub.  data).  Latrodectus  hesperus  males  use  silken  cues  from 
females  in  a courtship  context  (Ross  & Smith  1979;  Johnson  et  al. 
2011),  and  widow  web  architecture  is  condition  dependent,  with 
spiders  adaptively  allotting  more  to  sticky,  prey-capture  silk 
when  prey  are  limiting  (Blackledge  & Zevenbergen  2007).  Here 
we  present  the  first  study  to  ask  whether  or  not  this  common 
urban  pest  bases  its  microhabitat  preferences  on  chemical  cues 
from  prey.  Specifically,  we  utilize  an  outdoor  enclosure  that 
mimics  urban  habitat  and  test  the  prediction  that  female 
L.  hesperus  will  preferentially  choose  habitat  patches  that  have 
recently  housed  cricket  prey  for  their  webs. 

METHODS 

Housing. — We  used  an  outdoor  facility  on  the  grounds  of 
Arizona  State  University’s  West  campus  approximately  7 m“ 
in  area  and  165  cm  tall,  contained  on  the  sides  by  chain  link 
fencing  and  with  a chicken  wire  ceiling.  Within  this  facility,  a 
metal  wall  (0.75  m tall)  was  buried  into  the  ground  to  create  a 
6-m^  enclosure.  Within  this  enclosure,  we  buried  aluminum 
flashing  into  the  soil  to  divide  the  enclosure  into  16  cells  of  equal 
area  (25  cm  tall,  1.5  m^)  to  maintain  individual  spiders/webs. 

Within  each  of  the  16  cells,  one  commercially-purchased 
river  rock  (average  diam.  = 25.5  cm)  was  placed  in  each  of  the 
four  corners.  To  minimize  pre -experiment  chemical  cues  that 
rocks  may  have  been  exposed  to  before  purchase,  we 
submerged  all  rocks  in  water  for  48  h,  scrubbed  rock  surfaces 
with  a metal  pad  and  rinsed  rocks  with  water  before  use.  Thus, 
non-experimental  cues  were  minimized,  and  all  rocks  used 
were  treated  in  the  above  manner  before  being  used.  Rocks 
were  used  in  only  one  trial. 

Establishing  prey  chemical  cues. — One  rock/corner  from 
each  of  the  16  cells  was  randomly  selected  to  be  charged  with 
cricket  chemical  cues  (hereafter  referred  to  as  ‘prey-cue 
corners’).  In  order  to  “charge”  the  rock  with  the  prey  chemical 
cues,  we  housed  five  adult  house  crickets  (Acheta  domesticus) 
for  five  continuous  days  under  a plastic,  translucent  tub 
(48  cm  X 308  cm  X 14  cm  LWH),  upturned  to  contain  the 
experimental  rock.  Prey-cue  corners  were  inspected  daily,  and 
dead  crickets  were  removed  and  replaced.  After  five  days, 
plastic  tubs  and  crickets  were  removed.  Finally,  prey-cue 
corners  were  finished  by  the  addition  of  egg  crate  (10  XlO  X 
4 cm  LWH)  that  crickets  had  been  shipped  in  to  provide 
additional  chemical  cues.  This  same  size  of  egg  crate,  purchased 
from  a local  grocery  store  (i.e.,  housing  chicken  eggs  but  not 
arthropods),  was  added  to  each  of  the  non  prey-cue  corners. 

Experimental  procedure. — We  collected  48  penultimate- 
stage  juvenile  females  from  urban  Phoenix  habitats  in  April 
2009.  Spiders  were  housed  individually  in  the  laboratory  in 
plastic,  transparent  containers  (10  X 10  X 13  cm  LWH)  and 
fed  one  adult  house  cricket  weekly  until  trials  began.  Spiders 
matured  in  the  laboratory  within  two  to  three  weeks  of 
collection  and  were  used  in  trials  within  the  first  four  weeks  of 
maturity.  Spiders  were  weighed  (mg)  and  had  their  cephalo- 
thorax  digitally  imaged  immediately  prior  to  use.  We  estimated 
fixed  adult  body  size  from  this  single  image  as  the  length  (mm) 
of  the  tibia  from  a fourth  leg  using  Zoombrowser^^.  We 


calculated  spider  body  condition  as  both  the  residuals  of  a 
linear  regression  of  body  mass  on  tibia  length  (Jakob  et  al. 
1996),  as  well  as  body  mass  corrected  for  tibia  length  (Moya- 
Larano  et  al.  2008).  As  these  condition  measures  yielded  similar 
results,  we  used  mass  corrected  for  tibia  length  in  the  analyses 
reported. 

Trials  were  conducted  in  May  2009,  when  average  daily 
temperatures  in  Phoenix  ranged  from  lows  of  ~ 12°  C to  highs 
of  ~ 30°  C.  At  1900  hours,  spiders  were  randomly  chosen  and 
released  in  the  center  of  each  cell.  We  recorded  initial  direction 
of  movement  and  then  scored  the  location  of  each  spider  every 

15  min  for  90  min.  Any  spiders  not  located  during  a check 
were  assumed  to  be  hiding  within  the  cell  (under  rocks  or  egg 
crate)  and  allowed  to  remain  hiding  for  three  consecutive 
intervals.  On  the  fourth  “hiding”  interval,  egg  crates  and  rocks 
were  gently  maneuvered  to  determine  the  location  of  the 
spider.  Spiders  were  assumed  to  have  been  in  this  location  for 
the  entirety  of  the  “hiding”  interval.  In  the  cases  in  which  a 
spider  was  found  moving  within  its  cell,  we  scored  the  spider’s 
location  as  the  corner  toward  which  the  spider  moved.  The 
following  day  we  scored  each  spider’s  location  again  at  0900 
and  1800  h.  On  the  third  day  after  introduction,  we  made  a 
final  0900  h observation,  and  considered  this  to  be  each 
spider’s  final  habitat  selection.  We  used  this  third  morning 
location  as  our  measure  of  habitat  selection,  because  no  spider 
relocations  occurred  for  five  days  after  this  date,  and  all 
spiders  not  missing  (//  = 32  spiders  out  of  48  released,  see 
below)  had  begun  to  build  extensive  webs  out  from  the  rock 
they  were  using  as  a daytime  refuge. 

Statistical  analysis. — We  conducted  three  block  replicates  of 
this  experiment  - each  using  an  independent  sample  of  spiders 
and  rocks.  The  aluminum  sides  and  dirt  floor  of  each  cell  was 
sprayed  with  water  through  a high  pressure  hose  and  allowed 
to  air-dry  over  the  course  of  at  least  seven  days  before  the  next 
block  replicate  began.  The  location  of  the  prey-cue  corner  in  a 
cell  was  randomly  selected  before  each  trial.  Thus,  although 
we  cannot  claim  to  have  removed  all  residual  chemical  cues 
from  crickets  and  previous  spiders,  our  aim  was  to  minimize 
these  previous  cues  so  as  not  to  interfere  with  our  manipu- 
lation of  prey-cue  corners.  We  view  the  evidence  below  that 
habitat  preferences  did  not  differ  between  our  three  block 
replicates  as  evidence  that  we  succeeded  in  minimizing  the 
accumulation  of  cues  across  blocks. 

In  block  1,  12/16  spiders  were  accounted  for  after  three 
days.  In  block  2,  13/16  spiders  were  accounted  for  after  three 
days.  In  block  3,  7/16  spiders  were  accounted  for  after  three 
days.  Thus,  across  three  blocks  of  the  experiment  32  spiders 
established  webs  (see  below  for  a discussion  of  the  fate  of  the 

16  missing  spiders).  Missing  spiders  were  excluded  from 
habitat  preference  analyses.  All  analyses  were  conducted  using 
SPSS.  For  each  block  replicate  the  observed  frequency  of 
habitat  choice  of  prey-cue  corners  by  spiders  (at  Day  3)  was 
compared  to  that  expected  by  random  chance  (25%)  and 
analyzed  with  G-tests.  In  addition,  binary  logistic  regression 
was  used  to  test  the  hypothesis  that  female  condition  explained 
habitat  choice  (choice  of  prey  cue  corner  or  choice  of  non 
prey-cue  corner),  and  multinomial  logistic  regression  was  used 
to  examine  habitat  choosiness  (i.e.,  the  number  of  habitat 
switches  exhibited  across  the  course  of  the  three-day  trial; 
range  0-3). 
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Figure  1. — The  number  of  spiders  observed  to  select  prey-cue 
corners  was  consistently  greater  than  that  expected  based  on  chance. 
Three  consecutive  blocks  of  the  experiment  are  presented,  followed  by 
a summation  of  all  three  blocks. 

RESULTS 

Sixty-seven  percent  (32/48)  of  the  females  settled  successfully 
within  their  cell  after  three  days  (i.e.,  did  not  escape  or  get 
preyed  upon:  see  Discussion).  As  the  habitat  choice  preferences 
of  missing  spiders  cannot  be  known,  below  we  exclude  the  16 
data  points  for  missing  females.  All  the  females  not  missing 
settled  under  one  of  the  four  rocks  provided  as  refuge  and  built 
their  webs  out  from  this  substrate.  Because  rocks  were  the  only 
refuge  from  which  webs  were  built,  and  given  that  each  cell  was 
provisioned  with  four,  evenly  spaced  rocks,  female  habitat 
choice  consisted  of  one  of  these  four  options.  Black  widow 
females  were  significantly  more  likely  to  select  prey-cue  corners/ 
rocks  for  their  webs  (14/32  = 44%)  than  would  be  expected  by 
chance  (25%  * 32  = 8;  G = 5.29,  P < 0.05).  As  seen  in  Fig.  1, 
spider  preference  for  prey-cue  corners  fluctuated  in  intensity 
across  the  three  waves  of  the  experiment,  though  females  were 
always  observed  to  choose  prey-cue  corners  more  often  than 
expected  by  chance.  In  addition,  using  a single  heterogeneity 
G-test  (Soical  & Rohlf  1995:715),  we  found  no  significant 
differences  in  habitat  choice  across  these  three  repeated  blocks 
of  the  experiment  (G  = 1.24,  0.25  < P < 0.5)  and  thus  feel 
justified  in  pooling  data  across  blocks. 

Female  body  condition  did  not  predict  habitat  choice.  Binary 
logistic  regression  indicated  that  female  body  condition  (mass 
corrected  for  leg  length)  was  a poor  predictor  of  both  1 ) the 
original  ‘choice’  to  settle  under  a rock  (o  = 48,  = 0.765,  P = 

0.382),  and  2)  the  subsequent  ‘choice’  by  spiders  that  settled  on 
a rock  to  settle  on  rocks  charged  with  prey  cues  (266.90  ± 
28.5  mg)  or  not  (279. 1 ± 20.5  mg; « = 32, ;?  = 1 .50,  P = 0.220). 
In  addition,  linear  regression  indicated  that  body  condition  was 
a poor  predictor  of  the  number  of  habitat  switches  (“choosi- 
ness)”,  range  0-3)  exhibited  over  the  three-day  trial  (R~  = 0.06, 
Pi.30  = 0.86,  P = 0.37),  and  multinomial  logistic  regression 
suggests  that  this  number  of  switches  was  a poor  predictor  of 
whether  the  spider  eventually  chose  a prey-cue  corner  or  non- 
prey-cue corner  or  was  missing  (n  = 48,  = 5.68,  P = 0.46). 

Thus,  habitat  choice  seems  to  be  more  strongly  shaped  by  prey 
cues  than  by  body  condition,  and  we  found  no  suggestion  that  a 
spider’s  ultimate  (Day  3)  habitat  choice  was  affected  by  the 
number  of  times  a spider  changed  its  habitat  (choosiness). 

DISCUSSION 

Our  results  indicate  that  urban  black  widow  females 
preferentially  settle  in  microhabitats/refuges  that  have  been 


charged  with  chemical  cues  from  cricket  prey.  Thus,  although 
Latrodectus  spp.  are  known  to  use  chemical  cues  from 
conspecific  silk  in  courtship  and  cannibalism  contexts  (Stoltz 
et  al.  2007;  Johnson  et  al.  2011),  L.  Hesperus  females  are  also 
capable  of  detecting  chemical  cues  from  potential  hetero- 
specific prey  items.  However,  we  found  no  evidence  that 
female  body  condition  affected  habitat  choice  for  prey 
availability.  It  should  be  noted,  however,  that  we  did  not 
manipulate  body  condition,  and  thus  it  remains  to  be  seen 
whether  extreme  variation  in  body  condition  might  intensify 
habitat-choice  decisions  for  prey  cues.  Nevertheless,  the 
present  evidence  that  black  widows  settle  near  cricket  chemical 
cues  adds  to  the  list  of  spiders  known  to  use  foraging 
kairomones  and  has  important  implications  for  the  control  of 
urban  infestations. 

Our  finding  that  widow  spiders  use  chemical  prey  cues 
in  their  habitat  choice  has  potential  implications  for  the 
management  of  urban  black  widow  infestations.  The  medical 
importance  of  this  species  combined  with  its  ability  to  form 
dense  urban  infestations  has  led  to  heightened  pesticide  usage, 
and  therefore  we  suggest  it  is  critical  that  we  understand  what 
cues  from  urban  habitat  are  being  used  by  widow  spiders  to 
determine  their  habitat  preferences.  If  urban  widow  infesta- 
tions track  the  abundance  of  urban  arthropod  prey,  then  the 
pesticide  applications  that  often  follow  widow  infestations 
may  be  effective  in  controlling  widow  abundance  indirectly  by 
controlling  their  prey.  Although  pesticides  broadly  applied  are 
generally  ineffective  at  directly  killing  black  widows  (J.C. 
Johnson  pers.  obs.),  prey  elimination  may  limit  urban  widow 
infestations. 

However,  such  strategies  may  have  unintended  negative 
consequences.  Specifically,  very  little  is  known  about  the 
ability  of  arthropod  pests  to  behaviorally  avoid  pesticides. 
If  pesticides  are  broadly  applied,  for  example,  along  the 
perimeter  of  a schoolyard,  the  result  could  be  the  dispersal  of 
crickets  into  surrounding  areas  rather  than  cricket  mortality. 
Indeed,  few  data  are  available  to  assess  the  degree  to  which 
widespread  pesticide  applications  actually  kill  urban  arthro- 
pods, and  studies  on  non-target  species  indicate  that 
insecticide  irritability  (avoidance  after  contact)  and  insecticide 
repellence  (avoidance  without  contact)  occur  frequently 
(Cordeiro  et  al.  2010).  Anecdotally,  our  laboratory  (one  of 
the  few  to  ban  University-sponsored  pesticide  applications) 
experiences  this  behavioral  avoidance  of  pesticides  and  is 
overrun  by  roaches  soon  after  surrounding  laboratories  are 
treated.  If  urban  prey  are  driven  away  from  pesticides  instead 
of  killed,  then  cricket  abundance  may  be  lessened  in  pesticide- 
treated  areas,  but  will  be  heightened  in  surrounding  areas — 
thereby  encouraging  black  widow  spiders  to  relocate.  The 
resultant  cycle  (i.e.,  widow  infestation,  pesticide  application, 
prey  relocation,  widow  infestation)  seems  a dubious  pest 
control  strategy  given  the  costs  (financial  and  environmental 
health)  of  wide-scale  pesticide  usage.  We  are  currently 
investigating  the  effects  of  multiple  stressors  (pesticides  and 
predation  risk)  on  both  urban  black  widows  and  their  prey. 

During  this  study,  we  “lost”  1/3  of  the  spiders  released. 
Although  two  of  these  spiders  were  documented  as  cannibal- 
ized in  a neighboring  cell,  we  could  not  account  for  the 
remaining  14  spiders.  Despite  the  fact  that  the  walls  that 
surround  our  enclosure  are  0.75  m.  tall  and  made  of  slick 
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aluminum,  it  is  possible  that  spiders  climbed  these  walls  and 
escaped,  though  we  have  never  witnessed  nor  found  draglines 
indicating  an  escape.  In  our  opinion,  it  is  more  likely  that  the 
majority  of  these  missing  spiders  were  preyed  upon  within  their 
cells  by  vertebrate  predators,  a possibility  that  is  supported 
by  our  finding  spider  legs  in  vacated  cells.  Supporting  this 
hypothesis,  we  regularly  found  the  native  tree  lizard  Urosaunis 
omatiis  as  well  as  the  exotic  Mediterranean  gecko  Hemidactylus 
lurckiis  within  spider  cells  despite  our  attempts  to  exclude  these 
predators  from  the  area.  Although  we  can  find  no  report  of 
these  species  feeding  upon  L.  hesperus,  we  have  since  verified 
that  when  confined  with  black  widows,  both  species  do  kill  and 
consume  large  female  widow  spiders  with  no  apparent  negative 
effects.  We  suggest  that  urban  lizards/geckos,  widow  spiders 
and  crickets  offer  an  outstanding  tri-trophic  interaction  upon 
which  to  base  the  development  of  an  urban  food  web  for  the 
Phoenix  metropolitan  area. 
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Abstract.  The  Leiobunum  calcar  species-group  is  erected  to  accommodate  four  species  of  North  American  harvestmen, 
namely,  L.  nigropalpi  (Wood  1868),  L.  euserratipalpe  new  species,  L.  calcar  (Wood  1868)  and  L.  hoffmani  new  species.  The 
group  is  characterized  by  several  sexually  dimorphic  characters,  including  an  elongate  penis  lacking  subterminal  sacs,  base 
of  male  palpal  tibia  projecting  ventrally  and  denticulate,  and  unique  female  sterno-opercular  mechanism  that  appears  to  act 
as  a pregenital  barricade.  The  four  species  are  distinguished  by  penial  and  palpal  features  in  the  male  and  by  details  of  the 
sterno-opercular  mechanism  in  females.  The  history  of  confusion  between  L.  serratipalpe  Roewer  1910  and  L.  calcar  is 
reviewed,  and  the  new  species  L.  euserratipalpe  is  proposed  to  accommodate  the  concept  of  L.  serratipalpe  developed  by 
North  American  systematists  as  well  as  the  synonymy  of  L.  serratipalpe  Roewer  with  L.  calcar.  All  species  are  diagnosed, 
described  and  illustrated,  and  a key  to  species  is  provided. 

Keywords:  Harvestman,  systematics.  North  America 


The  Opiliones  fauna  of  the  eastern  and  central  parts  of  the 
United  States  and  Canada  is  dominated  by  the  “daddy  long- 
legs”  of  the  sclerosomatid  subfamily  Leiobuninae.  With  over 
20  species,  Leiobunum  is  the  most  species-rich  genus  in  this 
region  and  also  occurs  in  the  Euro-Mediterranean  Region 
and  northeastern  Asia  as  well  as  an  area  including  Mesoa- 
merica  and  the  western  USA  and  Canada.  A recent 
phylogenetic  analysis  (Hedin  et  al.  in  press)  has  shown  that 
each  of  these  four  regions  is  home  to  one  or  more  Leiobunum 
dades  that  are  more  closely  related  to  non-Leiobunum  species 
in  the  same  region  than  to  the  Leiobunum  species  from 
different  regions.  This  insight  demonstrates  the  need  for 
significant  taxonomic  reorganization  within  Leiobunum  and 
Sclerosomatidae  generally,  but  it  may  also  accelerate  phylo- 
genetic analysis  and  taxonomic  revision  within  each  regional 
ciade.  Specifically,  intensive  systematic  analyses  of  regional 
taxa  can  now  be  undertaken  with  a low  probability  that 
closely  related  but  geographically  distant  members  will  be 
overlooked.  Indeed,  the  leiobunine  fauna  of  North  America  is 
in  particular  need  of  taxonomic  revision,  and  the  current 
study  was  undertaken  in  part  to  capitalize  upon  these  recent 
phylogenetic  insights. 

In  an  unpublished  portion  of  his  doctoral  dissertation, 
McGhee  (1970)  delimited  a small  group  of  leiobunine  harvest- 
men  from  eastern  North  America,  the  Leiobunum  calcar  species- 
group.  The  group  encompassed  two  widely  accepted  species, 
L.  calcar  (Wood  1868)  and  L.  nigropalpi  (Wood  1868),  as  well  as 
L.  serratipalpe  Roewer  1910  (subsequently  synonymized  with  L. 
calcar  by  Cokendolpher  1981)  and  two  undescribed  species,  L. 
cumberlandense  and  L.  hoffmani.  The  calcar  group  was  united  by 
male  characters,  including  a long  penis  lacking  sacs  or  bulbs, 
palpal  tibiae  with  an  enlarged  proximoventral  surface  with 
denticles,  and,  in  most  species,  an  apophysis  or  cluster  of 
denticles  on  the  subterminal  retrolateral  surface  of  the  palpal 
femora.  Here  we  assess  McGhee’s  taxonomic  proposals  con- 
cerning the  L.  calcar  group  using  a geographically  diverse  sample 
of  specimens  and  a newly  discovered  suite  of  female  characters, 

^Corresponding  author.  Email:  jshultz(^umd.edu 


the  sterno-opercular  mechanism  (Figs.  2,  3).  The  sternum  (arculi 
genitales)  is  a sclerite  that  spans  the  ventral  body  surface  between 
coxae  III  and  is  typically  hidden  by  the  anterior  margin  of  the 
genital  operculum.  The  sternum  and  operculum  fit  together  to 
form  an  apparent  barricade  in  females  of  Leiobunum  species  in 
which  the  penis  lacks  gift-bearing  sacs.  The  taxonomic  conclu- 
sions of  our  study  concur  with  those  of  McGhee  (1970)  in 
recognizing  the  long-established  species  L.  calcar  and  L. 
nigropalpi  as  well  as  the  new  species  L.  hoffmani.  However,  we 
consider  L.  cumberlandense  to  be  a regional  variant  of  L.  calcar. 
In  addition,  we  propose  the  name  L.  euserratipalpe  for  the  species 
that  American  arachnologists  called  L.  serratipalpe  Roewer 
(Davis  1934;  Bishop  1949;  Edgar  1966;  McGhee  1970)  before  the 
type  specimen  was  shown  to  be  a female  L.  calcar  (Cokendolpher 
1981). 

METHODS 

Morphology. — We  examined  all  specimens  in  either  isopro- 
panol or  ethanol,  depending  on  the  medium  used  by  their 
home  repositories.  Dissections  were  performed  using  a needle 
and  microscissors  under  a Leica  MZ  APO  dissecting  micro- 
scope with  a 1 X or  0.63  X objective  lens.  Photos  were  obtained 
using  PaxCam3  in  Adobe  Photoshop,  and  composite  photos 
were  created  and  edited  in  Helicon  Focus  software.  We 
prepared  illustrations  in  Adobe  Illustrator  from  the  composite 
photos  and  made  measurements  with  a stage  micrometer, 
ocular  scale  and  drawing  tube. 

Specimen  repositories. — We  obtained  specimens  used  in  this 
study  from  the  following  museums  and  repositories:  American 
Museum  of  Natural  History,  New  York  (AMNH);  Academy 
of  Natural  Sciences  of  Philadelphia  (ANSP);  Museum  of 
Comparative  Zoology,  Harvard  University,  Cambridge,  Mas- 
sachusetts (MCZ);  Mississippi  Entomology  Museum,  Mis- 
sissippi State  University  (MEM);  North  Carolina  Museum  of 
Natural  Sciences,  Raleigh  (NCMNS);  National  Museum  of 
Natural  History,  Smithsonian  Institution,  Washington,  D.C. 
(NMNH);  U.S.  National  Park  Service  (NFS);  University  of 
Maryland,  J.W.  Shultz  Collection,  College  Park  (UMD); 
Virginia  Museum  of  Natural  History,  Martinsville  (VMNH). 
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Figures  1-5. — Basic  anatomy  of  the  Leiohiunmi  calcar  species-group:  1.  Penis,  dorsal  perspective;  2.  Ventral  view  of  female  with  genital 
operculum  removed  showing  sternum  (opisthosomal  sternite  1 );  3.  Female  genital  operculum,  detached,  showing  dorsal  (inner)  surface;  4.  Dorsal 
view  of  male,  with  opisthosomal  tergites  numbered;  5.  Ventral  view  of  male,  with  opisthosomal  sternites  numbered.  Abbreviations:  cx,  coxa; 
fe,  femur;  pa,  patella;  ta,  tarsus;  ti,  tibia;  tr,  trochanter. 


TAXONOMY 

Family  Sclerosomatidae  Simon  1879 
Subfamily  Leiobuninae  Banks  1893 
Genus  Leiobunum  C.L.  Koch  1839 

Type  species. — Phakmgium  rotimdum  Latreille  1798,  by 
subsequent  designation  (Simon  1879:172) 

Leiohimum  calcar  new  species-group 

Diagnosis. — Penis  long  (>  2/3  length  of  body),  without 
subterminal  sacs  or  bulbs  but  with  variably  developed  lateral 
alae  in  some  species,  shaft  dorsoventrally  compressed  over  most 
of  length,  tapering  gradually  toward  distal  end  (Fig.  1).  Male 
palpal  tibia  with  proximal  ventral  prominence  with  field  of 
denticles,  ventral  surface  concave  in  pro-  or  retrolateral  view  with 
coat  of  long,  erect  macrosetae,  distal  prolateral  surface  with  row 
or  field  of  denticles;  prolateral  tarsal  denticles  large,  blunt-tipped. 


tightly  packed,  with  row  extending  nearly  full  length  of  tarsus. 
Female  genital  operculum  (Fig.  2)  with  deep  transverse  sulcus 
externally  corresponding  to  internal  transverse  sclerotized 
phragma;  phragma  projecting  dorsoposteriorly,  forming  a 
ventral  space;  ventral  space  divided  by  median  septum;  sternum 
(Fig.  3)  typically  with  anterior  median  emargination  and/or 
notch;  posterior  margin  usually  with  median  process  projecting 
posteriorly  into  flexible  cuticle  of  pregenital  chamber. 

Remarks. — The  calcar  species-group  is  monophyletic  based 
on  its  unique  reproductive  morphology  and  unpublished  results 
from  molecular  phylogenetic  analysis  (M.  Bums,  M.  Hedin  & J. 
Shultz,  pers.  comm.).  The  female  genital  operculum  and  sternum 
fomi  an  apparent  pregenital  barricade,  with  the  anterior  sternal 
margin  projecting  into  the  subphragmal  space  of  the  operculum 
and  the  median  sternal  notch  engaging  the  median  opercular 
septum.  The  sternal  posterior  process  appears  to  act  as  a lever  arm, 
with  muscles  extending  to  the  base  of  the  operculum  rotating  the 
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sternum  and  pressing  it  against  the  phragma.  The  banicade  is 
frequently  engaged  in  preserved  specimens  of  L.  calcar  and  L. 
hqffmani  and  may  require  unusual  effort  to  open  when  dissecting 
the  female  genitalia.  The  presence  of  a female  pregenital  barricade 
suggests  a role  in  excluding  the  penis  during  attempts  at  forced 


mating  by  males.  Member  species  are  limited  to  the  central  and 
eastern  United  States  and  adjacent  southern  Canada  and  its 
maritime  provinces.  We  recognize  four  species:  L.  nigropalpi 
(Wood  1868),  L.  calcar  (Wood  1868),  L.  euserratipalpe  new 
species,  and  L.  hoffmani  new  species. 


KEY  TO  SPECIES  OF  THE  LEIOBUNUM  CALCAR  SPECIES-GROUP 


1,  Male  ............................. 2 

Female  5 


2.  Palpal  femur  with  retrolateral  denticles  extending  proximally,  not  limited  to  distal  third  (Fig.  10),  retrolateral  apophysis  absent; 

penis  narrowed  at  glans-shaft  joint  in  dorsal  perspective  forming  “neck”  (Fig.  17)  Leiobunum  nigropalpi 

Palpal  femur  with  retrolateral  denticles  limited  to  distal  third  (Fig.  23,  37,  39,  51,  52),  with  retrolateral  apophysis  (Figs.  4,  37,  52, 

54)  or  subterminal  cluster  of  denticles  (Fig.  23,  39);  glans-shaft  joint  variable  in  dorsal  perspective  but  without  neck  (Figs.  1,31, 

46,  61)  ....................................................................................  . 3 

3.  Penis  shaft  essentially  straight,  not  curved  in  lateral  perspective  (Fig.  27),  usually  with  a bilateral  pair  of  small  subterminal  alae 
(Fig.  31);  palpal  femur  with  subterminal  retrolateral  cluster  of  sharp  denticles,  sometimes  mounted  on  low  mound;  palpal  femur 
gracile  or  slightly  inflated  distally,  not  strongly  curved  (Figs.  23,  24)  ..........................  Leiobunum  euserratipalpe 

Penis  shaft  strongly  curved  in  lateral  perspective  (Figs.  42,  58),  subterminal  alae  large  to  absent  (e.g.,  Figs.  43,  46,  61); 
retrolateral  apophysis  present,  varying  from  massive  to  small  but  rarely  with  a simple  distal  cluster  of  denticles;  palpal  femur 
inflated  distally  and  usually  strongly  curved  (Figs.  37M0,  52-55)  4 

4.  Penis  bending  dorsally  in  subterminal  (alar)  region  in  lateral  perspective  (Fig.  43),  alae  large  to  absent  (Figs.  43,  46);  penis  length 

usually  less  than  that  of  body  (Fig.  43);  widespread  (Fig.  47) Leiobunum  calcar 

Penis  shaft  without  subterminal  dorsal  bend  or  alae  (Figs.  58,  61),  penis  length  subequal  to  or  longer  than  body  (Fig.  58), 
northeastern  North  Carolina  and  southwestern  Virginia  (Fig.  47) Leiobunum  hoffmani 

5.  Sternum  with  short,  weakly  sclerotized  posterior  process  distinct  from  the  more  sclerotized  sternum  (Fig.  15).  . . Leiobunum  nigropalpi 

Sternum  without  short,  weakly  sclerotized  posterior  process;  process  either  absent  (Fig.  29)  or  well  sclerotized  (Figs.  28,  44,  59)  . . . 6 

6.  Posterior  process  of  sternum  absent  (Fig.  29)  to  less  than  half  width  of  sternum  (Fig.  28)  ..........  Leiobunum  euserratipalpe 

Posterior  process  of  sternum  present  and  long,  more  than  half  the  width  of  the  sternum  (Figs.  44,  59)  ................  7 

7.  Palpal  femur  with  retrolateral  denticles  enlarged  distally,  with  some  mounted  on  variably  developed,  low,  rounded  retrolateral 
apophysis  (Fig.  41);  anterior  sternal  notch  usually  shallow  (Fig.  44)  (rarely  absent)  but  deep  in  large-bodied,  southern  montane 

populations  (see  Fig.  59);  widespread  (Fig.  47)  Leiobunum  calcar 

Palpal  femur  with  retrolateral  denticles,  sometimes  larger  distally  but  without  retrolateral  apophysis  (Fig.  56);  anterior  sternal 
notch  deep,  U-  shaped,  extending  to  midpoint  of  the  sternum  body  (Fig.  59);  northeastern  North  Carolina  and  southwestern 
Virginia  (Fig.  47)  Leiobunum  hoffmani 
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Leiobunum  nigropalpi  (Wood  1868) 

(Figs.  6-17) 

Phalangium  nigropalpi  Wood  1868:22-23,  figs.  3a-d. 
Liobunum  nigropalpi  (Wood):  Weed  1887:935;  Weed  1889a:87- 
88;  Weed  1892:187-188,  pi.  4,  figs.  1,2;  Banks  1893:21 1;  Banks 
1901:675;  Roewer  1910:213-214;  Roewer  1923:896-897. 
Liobunum  nigripalpis  (Wood):  Weed  1890:918. 

Leiobunum  nigripalpi  (Wood):  Crosby  & Bishop  1924:21; 

Walker  1928:163-164,  pi.  2,  fig.  14. 

Leiobunum  nigropalpi  (Wood):  Davis  1934:682-684,  pi.  31,  fig.  6; 
Bishop  1949:199-201,  pi.  5,  figs.  69-73;  Edgar  1966:362; 
McGhee  1970:100,  106-113,  figs.  21a,  b,  24a,  b,  26,  27 
(unpublished  dissertation). 

Types  examined. — Phalangium  nigropalpi.  Syntypes  S and  ?: 
USA:  Pennsylvania:  Huntingdon  County  (MCZ:  14778). 

Other  material  examined. — USA:  Alabama:  Cleburne  Coun- 
ty: 2 d,  Cheaha  SP,  vie.  Campground  #1  (046),  33.4864°N, 
85.8125°W,  13  August  2005,  M.  Hedin  et  al.  (UMD). 
Connecticut:  Storrs  County:  I ?,  41.8084°N,  72.2500°W,  28 
July  1923,  coll?  (AMNH).  Kentucky:  Bell  County:  1 <3,  Pine 
Mt.  State  Park,  “near  lodge”  36.7357°N,  83.7375°W,  22 
September  1963,  Woods  (AMNH).  Maryland:  Garrett  Coun- 
ty: 1 ?,  3 km  SE  New  Germany,  Managed  Oak  Forest, 
39.62°N,  79.105°W,  elev.  779  m,  11-18  July  2005,  M.  Sarver; 


2 ?,  6 km  NE  Swanton,  Managed  Maple  Forest,  39.489°N, 
79.17°W,  elev,  714  m,  21  June-6  July  2005,  M.  Sarver;  2 d,  4 9, 

6 km  NE  Swanton,  Managed  Maple  Forest,  39.489°N, 
79.17°W,  elev.  714  m,  22-29  August  2005,  M.  Sarver;  3 <3, 

4?,  6 km  NW  Westernport,  Old  Growth  Oak  Forest, 
39.509°N,  79.109°W,  elev.  541  m,  3-10  August  2005,  M. 
Sarver  (UMD).  New  York:  Cayuga  County:  2 (3,  2 9,  N 
Fairhaven,  43.343°N,  76.6904°V/,  31  July  1932,  G.  Hughes  j 
(AMNH).  Ulster  County:  1 <3,  1 9,  Cherrytown  near 
Kerhonkson,  41.8251°N,  74.3293°W,  18  July  1976,  Wygod- 
zinsky  (AMNH).  North  Carolina:  Ashe  County:  2 <3,  1 9, 

8.8  mi.  [14.2  km]  SSE  Jefferson,  1183,  0.6  mi  [!  km]  N 1005,  j: 
36.29"N,  81.37°W,  21  July  1972,  R.M.  Shelley  (NCMNS:  L 
1217).  Macon  County:  3 d,  2 9,  5 mi  [8.05  km]  N of  Highlands, 
35.1269°N,  83.1924W7,  August  1967,  K.  Kleinpeter  (AMNH).  il 
Transylvania  County:  ! 9,  6.6  mi  [10.6  km]  WNW  Brevard,  I 
Gov.  Rd.,  3.5  mi  [5.6  km]  W Fish  Hatchery,  35.26°N,  82.85°W,  '■  ' 
29  August  1973,  R.M.  Shelley  (NCMNS:  1992).  Ohio:  Summit  , 
County:  2(3,  2 9,  Bath  Nature  Preserve,  41.1 77°N,  8 1 .642°W,  30  i 
June  2005,  J.W.  Shultz  (UMD).  Pennsylvania:  Bucks  County:  j 
1 9,  Rushland,  Wilkinson  Rd.,  Coyne  Farm,  vernal  marsh  on  \ 
wooded  hilltop,  40.25 UN,  75.038°W,  6-20  August  1998,  H.  I 
O’Connor  (ANSP).  Huntington  County:  1<3,  19,  Huntington  j 
Mills,  4i.l801°N,  76.2363°W,  Woods  (AMNH).  Columbia  :| 
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Figures  6-9. — Dorsal  and  ventral  perspectives  of  Leiobimwn  nigropalpi  (Wood  1868),  male  lectotype,  female  paralectotype.  Scale  bar  = I mm. 


County:  2 d,  2 ?,  Orangeville,  41.3392°N,  80.5 19°W,  13  August 
1932,  Hughes  & Davis  (AMNH).  South  Carolina-.  Oconee 
County:  2 Cherry  Hill  Rec.  Area,  Rt.  107,  34.9424°N, 
83.0849°W,  elev.  610  m,  11  August  1958,  J.F.  Hanson 
(AMNH).  Virginia-.  Botetourt  County:  2 ?,  Roaring  Run, 
37.6924°N,  79.8909°W,  4 July  1996,  M.  Donahue,  B.  Hogan 
(VMNH),  1 c?,  same  locality,  30  July  1996,  M.  Donahue,  B. 
Hogan  (VMNH).  Dickenson  County:  1 d,  1 ?,  Breaks  Interstate 
Park,  “DF  site  2,  off  Nature  Trail,”  37.2864°N,  82.2964°W,  15- 
29  June  1991,  VMNH  survey  (VMNH),  IM,  same  locality,  22 
August-6  October  1991,  VMNH  Survey  (VMNH).  Floyd 
County:  1 d,  Buffalo  Mountain  Natural  Area  Preserve, 
trailhead  at  parking  lot,  37.4316°N,  78.6569°W,  elev.  1067  m, 
20  June  2004,  R.L.  Hoffman  (VMNH).  1 d,  Buffalo  Mountain, 


“ca  6 mi.  [9.65  km]  SE  of  Willis,”  37.43 16°N,  78.6569°W,  elev. 
1300  m,  25  August  1984,  R.L.  Hoffman  (VMNH).  Giles 
County:  4 S,  Stony  Creek  Bog,  off  FS  10420,  ca  2.3  km  NW  of 
Kire  on  Rt.  613,  37.4513°N,  80.5384°W,  9 August  2004,  S.M. 
Roble  (VMNH).  Highland  County:  1 d.  Locust  Spring  Rec. 
Area,  8 mi  [12.9  km]  NW  of  Bluegrass,  38.5828°N,  79.6352°W, 
elev.  1 158  m,  13  July  1974,  Hoffman  (VMNH).  Russell  County: 
3 d,  Mill  Creek,  ca  5.1  mi  [8.2  km]  E Carbo,  36.9432°N, 
82.1386°W,  late  May  1998,  J.C.  Ludwig  (VMNH).  Wythe 
County:  1 d,  1 ?,  Sulphur  Spring  Picnic  Area,  ca  8 mi  [12.9  km] 
west  of  Wytheville,  36.9692°N,  81.2222°W,  20  August  1967, 
Hoffman  (VMNH). 

Diagnosis. — Both  sexes:  Palpal  femur,  patella,  and  proximal 
tibia  usually  dark;  distal  tibia  and  tarsus  light.  Penis  (Figs.  14, 
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Figures  10  13. — Palps  of  Leiohimuin  iiigropalpi  (Wood  1868),  male  lectotype,  female  paralectotype.  Retrolateral  perspectives  on  left, 
prolateral  perspectives  on  right.  Scale  bar  = 1 mm. 


17):  alae  thin,  translucent;  shaft  straight  in  lateral  view,  not 
widened  or  lobed  proximally;  glans-shaft  union  constricted 
transversely,  glans  broadened  near  base,  tapering  distally, 
terminating  bluntly;  glans  held  at  slight  dorsal  angle  to  shaft; 
dorsal  surface  of  glans  with  dorsal  curvature.  Male  palp 
(Figs.  10,  11):  femur  without  retrolateral  apophysis;  retro- 
lateral  denticles  of  femur  distributed  longitudinally,  not 
restricted  to  distal  field;  tibia  proximally  with  rounded-to- 
angular  ventral  prominence  with  field  of  short,  stout  denticles, 
especially  proximally.  Female  sternum  (Fig.  15):  anterior 
margin  with  broad  V-shaped  median  emargination  with  apex 
forming  U-shaped  notch;  medial  anterior  margin  reinforced 
by  sclerotization;  posterior  margin  with  short,  median  process 
and  weakly  sclerotized  cuticle. 

Description  of  male  lectotype. — Body  length:  5.6  mm. 
Dorsum  (Fig.  6):  Carapace  length,  width:  1.8  mm,  2.8  mm. 
Cuticle  dark  golden  brown  and  finely  granulate,  lighter  and 
smooth  along  meso-  and  metapeltidium  posterior  margin; 
transverse  row  of  white  dots  extending  across  metapeltidium. 
Anteromedian  preocular  prominence  slightly  darker  than 
surrounding  cuticle,  with  a few  small  denticles  scattered 
medially  and  extending  along  anterior  carapace  margin. 
Anterior  process  of  supracheliceral  lamina  with  a few  small 


denticles  dorsally.  Ozopore  mound  smooth.  Ocularium  dark 
brown  to  black  and  canaliculate,  each  carina  with  5 sharp 
denticles.  Opisthosoma:  Cuticle  dark  golden  brown,  lacking  a 
central  figure.  Scutum  finely  granulate,  scutal  tergites  demar- 
cated by  short  lateral  rows  of  sigilla  and  sparsely  scattered  j 
white  dots.  Free  tergites  and  anal  operculum  smooth. 

Venter  (Fig.  1):  Sternum  simple.  Labrum  smooth,  curved  ^ 
dorsally.  Posterior  margin  of  genital  operculum  and  margin  of 
sternites  well  demarcated,  with  anterior  sternite  overlapping  ; 
posterior  sternite.  Cuticle  dark  golden  brown,  smooth,  with  I 
short  erect  setae  scattered  on  anterior  genital  operculum. 
Anterior  lateral  portions  of  operculum  protruding  slightly; 
anterior  margin  rebordered,  white;  small  pointed  denticles 
arranged  in  a row  along  medial  lateral  margin. 

Penis  (Figs.  14,  17).-  4.2  mm  long.  Shaft  straight,  width  ' 
constant  throughout  much  of  length  but  narrowing  near  ; 
junction  with  glans;  glans  curving  slightly  dorsad  toward  : 
terminus.  Alae,  narrow,  thin;  ventral  surface  less  sclerotized  i 
just  posterior  to  glans;  stylus  missing  but  angled  dorso- 
proximally  in  others. 

Appendages:  C/ielicerae:  Segments  1 and  2 pale  yellow  with  ' 
a dorsal  band  of  short,  dark  erect  setae,  becoming  a dense  < 
prodistal  patch  near  base  of  fixed  finger. 
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Figures  14-17. — Genital  structures  of  Leiobiinian  nigropalpi  (Wood  1868):  14.  Diagrammatic  lateral  perspective  of  male  showing  position  of 
penis;  15.  Ventral  perspective  of  female  sternum  (genital  operculum  removed);  16.  Dorsal  (internal)  perspective  of  female  genital  operculum; 
17.  Dorsal  perspective  of  penis.  All  to  same  scale.  Scale  bar  = 1 mm. 

Palps  (Figs.  10,  11).-  Measurements  in  mm:  femur  1.7; 
patella  0.8;  tibia  1.1;  tarsus  1.4.  Palpal  segments  dark  brown, 
tarsus  lighter.  Trochanter  medium  brown  with  a few  erect 
setae;  distoventral  apophysis  with  1 or  2 denticles  and  setae. 

Femur  slender,  curved  with  slight  distodorsal  expansion; 
retrolateral  apophysis  absent;  long  proventral  row  of  small, 
distally  pointing  denticles  interspersed  with  erect  setae;  dorsal 
surface  with  scattered  erect  setae  and  a few  distal,  submarginal 
denticles;  a few  denticles  form  a short  proximal  prolateral  row. 

Patella  slightly  expanded  distally,  with  a distal  prolateral 
apophysis  coated  with  erect  setae,  setae  continuing  proximally 


as  a dorsal  row;  field  of  scattered  denticles  cover  the  proximal 
retrolateral  surface;  one  large  denticle  points  distally  on 
distodorsal  margin.  Tibia  slender  and  slightly  curved,  forming 
a ventral  concavity;  proximodorsal  surface  slightly  inflated; 
proximal  ventral  surface  expanded,  creating  a fiat  prominence 
slightly  more  pronounced  anteriorly  than  posteriorly,  with  a 
field  of  pointed  denticles;  other  denticles  arranged  in  a distal 
proventral  row;  erect  setae  cover  the  tibia  (longer  setae 
ventrally);  distodorsal  surface  with  coat  of  short  recumbent 
setae.  Tarsus  slender,  slightly  infiated  distally;  tarsal  denticles 
arranged  in  a tight  proventral  row;  short  recumbent  setae  and 
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long  erect  setae  covering  surface,  setae  longer  ventrally,  denser 
distally.  Tarsal  claw  with  6 teeth. 

Legs:  Measurements  of  femur,  patella,  tibia,  metatarsus, 
tarsus  in  mm:  I:  8.7,  1.7,  7.1,  10.5,  11.1;  II:  15.3,  1.7,  14.3,  14.3, 
missing;  III:  8.2,  1.8,  7.5,  9.8,  11.7;  IV:  11.8,  2.1,  9.8,  14.4, 
missing.  Coxae  smooth,  concolorous  with  sternites;  long,  erect 
setae  proximally.  Anterior  row  of  flat,  evenly-spaced  denticles 
developed  along  length  of  each  coxa,  terminating  in  distoven- 
tral  submarginal  row  of  small  denticles  and  setae;  proximal 
denticle  row  distal  on  coxae  I,  II,  III,  along  full  length  of  coxae 
IV.  Trochanters  reddish  brown,  with  scattered  distally- 
pointing  denticles  laterally.  Femur  divided  into  basal  piece 
and  shaft  by  a circumferential  groove;  cuticle  dark  brown, 
lighter  distally;  shaft  with  irregular  rows  of  distally  pointing 
denticles  associated  with  a distal  setae,  denticles,  and  setae  not 
developed  on  ventral  surface,  denticles  especially  numerous  on 
legs  I and  III;  a few  denticles  along  distal  margin,  larger 
dorsally,  and  in  short  lateral  rows  basally.  Patellae  reddish 
brown,  wider  distally;  small  distally-pointing  denticles  with 
accompanying  setae  scattered  over  surface,  sometimes  ar- 
ranged in  loose  rows,  reduced  ventrally;  sharp  denticles  larger 
on  distal  dorsal  margin,  smaller  on  ventral  margin.  Tibiae 
golden  brown  with  a coat  of  fine  recumbent  setae,  denser 
distally;  scattered  denticles  with  accompanying  setae,  some 
forming  4 or  5 rows,  denser  proximally  and  dorsally;  proximal 
dorsal  margin  with  rounded  median  process;  distal  margin 
with  ventral  row  of  pointed  denticles  terminating  with  lateral 
spines.  Tibia  II  with  reduced  denticles,  vestiture  of  micro- 
trichia,  4 incomplete  pseudoarticulations,  and  about  30  partial 
circumferential  rings.  Metatarsi  golden  brown  with  a coat  of 
recumbent  setae;  Legs  I and  III  with  3 pseudoarticulations,  leg 
II  with  9,  leg  IV  with  5,  each  pseudoarticulation  with  a ventral 
pair  of  distally-pointing  spines.  Tarsi  golden  brown,  distal- 
dorsal  margin  of  each  segment  dark;  longer  segments  each 
with  ventral  pair  of  spines;  recumbent  setae  cover  entire 
cuticle,  setae  denser,  longer  ventrally  and  distally. 

Variation  in  male. — Leiohimum  nigropalpi  shows  compara- 
tively little  variation.  Most  are  yellowish  ventrally  and  golden 
to  orange-brown  dorsally  with  medium  to  dark  brown  legs, 
but  some  are  lighter  in  color,  with  a white  ventral  surface,  pale 
yellow  dorsal  surface,  or  golden-brown  legs.  Tibial  denticles  of 
the  palp  and  posterior  coxal  denticle  rows  may  be  reduced  or 
absent.  The  proximo-ventral  prominence  of  the  palpal  tibia 
usually  flat,  but  occasionally  with  the  distal  portion  projecting 
ventrad,  forming  a small  spur. 

Description  of  female  paralectotype. — Body  length:  7.3  mm. 
Dorsum  (Fig.  8):  Carapace  length,  width:  2.1  mm,  2.9  mm. 
Cuticle  brown,  coarsely  granulate  with  a few  pointed  denticles 
on  mound  of  ozopore;  ocularium  nearly  black,  strongly 
canaliculate,  each  carina  with  5 curved  denticles.  Supracheliceral 
lamina  smooth.  Opisthosoma:  Generally  brown  with  a weak 
central  figure  indicated  by  irregular  dark  bordering  with  dark 
anterior  blotches  on  tergite  1 and  a dark  medial  region  of  tergite 
4;  cuticle  coarsely  granular  anterior,  smoother  posterior.  Tergites 
1-5  (scutum)  demarcated  by  bands  of  whitish  dots;  remaining 
tergites  appear  somewhat  reduced  and  separated  from  scutum 
(possibly  due  to  swelling  during  preservation);  tergite  8 and  anal 
operculum  granulate,  anal  operculum  with  a few  small  denticles. 

Venter  (Fig.  9).'  Labrum  straight,  smooth.  Sternites  finely 
granulate,  dark  golden  brown,  anterior  half  of  each  sternite 


with  a lighter  transverse  band  that  terminates  before  lateral 
margins.  Posterior  margin  of  genital  operculum  and  margins 
of  sternites  distinct.  Genital  operculum  dark  golden  brown, 
lighter  medially;  dark  denticles  and  setae  form  a longitudinal 
band,  more  numerous  anteriorly;  anterior  body  slightly 
bilobed  with  lobes  protruding  ventrad;  margin  thickly 
rebordered,  white,  protruding  medially;  a transverse  sulcus 
with  corresponding  inner  (dorsal)  phragma  developed  between 
bilobed  body  and  rebordering;  phragma  thicker  and  more 
prominent  medially;  small  anterior-pointing  apophyses  devel- 
oped on  anterior  lateral  margins  corresponding  to  the  position 
of  the  sternum;  sternum  dark,  nearly  black  medially  around  a 
broad  v-shaped  emargination;  shoulders  angled  rather  than 
square  as  in  the  other  species  in  the  group,  median  posterior 
process  tiny,  with  tendons  attached  along  posterior  sternite 
margin. 

Appendages:  Chelicerae:  Cuticle  golden,  basal  article  with 
short  erect  setae  sparsely  scattered  on  dorsal  surface  (denser 
distally),  extending  to  distal  dorsal  and  prolateral  surfaces  of 
second  article;  setae  especially  dense  around  the  base  of  the 
fixed  finger. 

Palps  (Figs.  12,  13).-  Measurements  in  mm:  femur  1.7;. 
patella  0.6;  tibia  0.9;  tarsus  1.5.  Cuticle  golden  to  golden 
brown.  Trochanter  with  a few  scattered  denticles  and  setae 
distoventrally.  Femur  expanded  distally  with  4 or  5 denticles 
in  a proximal  prolateral  row;  pointed  denticles  arranged  in  a 
retroventral  row  and  extending  along  the  distal-dorsal  margin, 
long  erect  setae  interspersed  and  forming  a proventral  row,  a 
few  scattered  dorsally.  Patella  with  distal  prolateral  apophysis 
densely  covered  in  long  erect  setae;  pointed  denticles  extend 
along  distal  dorsal  margin  and  form  prodorsal  and  retrodorsal 
bands,  each  interspersed  with  a row  of  long  erect  setae.  Tibia 
ventral  surface  slightly  curved,  with  a few  distally  pointing 
denticles  in  a loose  proximal  row;  fine  recumbent  setae  and 
long  erect  setae  cover  surface.  Tarsus  expanded  distally; 
surface  with  a coat  of  fine  recumbent  setae,  long  erect  setae  in 
irregular  rows;  setae  dense  and  longer  distoventrally,  especial- 
ly around  tarsal  claw.  Claw  with  six  teeth. 

Legs:  Measurements  of  femur,  patella,  tibia,  metatarsus, 
tarsus  in  mm:  I:  7.7,  1.9,  6.0,  8.1,  10.2;  II:  13.4,  1.7,  missing, 
12.3,  12.5;  lil:  7.3,  1.2,  5.9,  8.9,  10.2;  IV:  11.0,  1.1,  8.4,  12.5, 
14.9.  Coxae  dark  golden  brown,  smooth,  with  sparse  scattered 
setae.  Large,  flat  denticles  developed  in  a prolateral  and 
retrolateral  row  on  each  coxa;  tiny  rounded  denticles  present 
submarginally;  all  proiateral  rows  and  coxa  IV  retrolateral 
row  extends  full  length  of  coxa  (or  nearly  so);  retrolateral  rows 
of  coxae  I-III  extend  over  half  the  length  of  the  coxa; 
prolateral  dorsal  surface  of  coxa  III  and  retrolateral  dorsal 
surface  of  coxae  I and  II  slightly  protuberant;  coxae  I and  II 
with  a single  dark  tubercle.  Trochanters  smooth  ventrally; 
dorsal  surface  with  medial  groove;  distally-pointing  denticles 
developed  on  lateral  surfaces.  Femur  proximally  reddish- 
brown,  distally  lighter;  divided  into  basal  piece  and  shaft  by 
circumferential  groove.  Distally-pointing  denticles  scattered 
on  basal  piece  and  in  7-12  irregular  rows  down  the  shaft,  most 
with  accompanying  distal  erect  setae;  ventral  surface  smooth; 
two  large  denticles  present  on  distal-dorsal  margin.  Patellae 
distal  dorsal  surface  expanded,  with  4 longitudinal  rows  of 
denticles,  larger  distally;  distal  ventral  margin  with  a few 
distally-pointing  denticles.  Tibiae  golden  with  vestiture  of 
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Figure  18. — Map  of  collection  localities  for  Leiobummi  nigropalpi.  Open  circles  are  localities  of  specimens  observed  in  this  study.  Black  circles 
are  localities  obtained  from  the  literature  (Bishop  1949;  Davis  1934;  Edgar  1971;  Levi  & Levi  ; McGhee  1970;  Weed  1892).  A star  indicates  the 
type  locality. 


microtrichia  and  a coat  of  recumbent  setae;  proximal  surface 
with  4 rows  of  denticles;  dorsal  margin  with  a few  denticles 
and  a small  process.  Left  tibia  II  with  4 incomplete 
pseudoarticulations,  right  tibia  II  with  7,  and  both  with 
numerous  faint  circumferential  rings.  Metatarsi  golden  with  a 
coat  of  recumbent  setae;  a few  scattered  denticles  proximal; 
erect  setae  form  a few  sparse  rows;  5 pseudoarticulations  on 
metatarsi  I,  III,  and  IV,  7 on  II,  each  with  ventral  pair  of 
spines  and  sometimes  a dark  dorsal  spot.  Telotarsi  golden  with 
a few  rows  of  sparse  erect  setae  and  a coat  of  dark  recumbent 
setae,  denser  distally  and  ventrally  on  each  segment,  especially 
distal  segments;  longer  (proximal)  segments  with  a pair  of 
ventral  submarginal  spines.  Tarsal  claw  smooth. 

Ovipositor:  Damaged,  but  two  spermathecae  visible  be- 
tween rings  4 and  5;  otherwise  typical:  shaft  dorsoventrally 
flattened;  width  constant  to  base  of  furca;  anterior  rings  each 
with  a transverse  row  of  2-10  erect  setae  (denser  distally)  on 
dorsal  and  ventral  surfaces;  furca  lightly  sclerotized,  tapered 
anteriorly,  and  constricted  at  base;  surface  with  many  long 
setae;  terminal  sense  organs  anterior-lateral. 

Variation  in  female. — As  in  males,  there  is  little  variation. 
The  anterior  genital  operculum  may  be  bilobed  or  straight, 
with  or  without  anterior-lateral  protuberance.  The  central 
figure,  white  spots,  and  sigilla  color  vary  in  intensity.  Pro-  and 
retrolateral  rows  of  denticles  may  be  reduced  or  absent  on 
coxae  II  and  III. 

Range. — Forests  of  the  eastern  United  States  and,  perhaps, 
southeastern  Canada  (Fig.  18). 


Remarks. — Leiohimum  nigropalpi  is  morphologically  uni- 
form throughout  its  range  and  many  of  its  features  are 
plesiomorphic  relative  to  other  members  of  the  species-group 
based  on  outgroup  comparision  with  closely  related  North 
American  species  (e.g.,  L,  politum  Weed  1890,  L.  aldrickiWeed 
1893,  L.  verrucosnm  (Wood  1870),  L.  ventricosum  (Wood 
1870),  L.  vittatum  species-group)  (M.  Burns,  M.  Hedin,  J. 
Shultz.,  unpublished  molecular  phylogeny).  Specifically,  the 
male  palps  are  generally  gracile,  with  the  retrolateral  denticles 
of  the  femur  occurring  in  a long  longitudinal  series,  rather 
than  being  restricted  to  a distal  region,  and  a retrolateral 
femoral  apophysis  is  absent.  Furthermore,  the  penis  narrows 
at  the  glans-shaft  junction,  as  in  species  with  primitive 
sacculate  penes,  and  the  posterior  process  of  the  female 
sternum  is  only  lightly  sclerotized. 

Leiohumim  euserratipalpe  new  species 
(Figs.  19-31) 

Leiobummi  serratipaipe  Roewer  1910:  Davis  1934:689-690,  pi. 
31,  figs.  3,  4,  pi.  33,  fig.  32;  Bishop  1949:203-204,  pi.  6,  figs. 
80-83;  Edgar  1966:363,  fig.  7;  McGhee  1970:114-121, 
figs.  21c,  d,  24c,  28,  29  (unpublished  dissertation)  (all 
misidentifications). 

Types  examined. — Flolotype:  USA:  Virginia:  Prince  William 
County,  Manassas  National  Battlefield  Park,  —0.3  km  S of 
Sudley  Spring,  38.8168°N,  77.5164°W,  22  July  1999,  A.C. 
Chazal  (NMNH).  Paratype:  1 9,  collected  with  holotype 
(NMNH). 
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Figures  19-22. — Dorsal  and  ventral  perspectives  of  Leiohiiiiiim  eiiserratipalpe  new  species,  male  holotype,  female  paratype.  Scale  bar  = 1 mm. 


Other  material  examined. — USA;  Maryland'.  Howard  Coun- 
ty: 3 d,  2 9,  Middle  Patuxent  Environmental  Area,  39.2056°N, 
76.9081°W,  27  July  2007,  R.  Smith  (UMD).  Montgomery 
County:  many  <3  and  9,  Upper  Seneca  Crest,  32.2575°N, 
77.1735°W,  Summer  2010,  J.W.  Shultz  (UMD).  Michigan: 
Livingston  County:  2 d,  George  Reserve,  42.4667°N, 
84.0000°W,  18  July  1936,  I.J.  Cantrall  (AMNH).  Mississippi: 
Lafayette  County:  2 9,  1 mi  [1.61  km]  SW  Abbeville,  in 
deciduous  woods  on  low  vegetation,  34.489°N,  89.5 10°W,  10 


July  2008,  P.  Miller  (UMD),  1 d,  same  locality,  25  May  2008, 
P.  Miller,  G.  Stratton  (UMD).  North  Carolina:  Graham 
County:  1 <3,  Joyce  Kilmer  Memorial  Forest,  35.374°N, 
83.975°W,  26  June  1977,  W.  Shear  (VMNH).  Jackson  County: 
1 d,  1 9,  7.3  mi  [11.7  km]  SSE  Cashiers,  1177,  0.1  mi  [0.16  km] 
N South  Carolina  state  line,  35.019°N,  83.060°W,  28  August 
1973,  R.M.  Shelley  (NCMNS:  1944).  Wake  County:  1 9, 
Umstead  Park,  35.859°N,  78.750°W,  12  September  1973, 
R.M.  Shelley  (NCMNS:  2023).  Person  County:  1 S,  8.4  mi 


INGIANNI  ET  AL.^LEIOBUNUM  CALCAR  SPECIES-GROUP 


463 


Figures  23-26. — Palps  of  Leiobumun  eitserratipalpe  new  species,  male  holotype,  female  paratype.  Retrolateral  perspectives  on  left,  prolateral 
perspectives  on  right.  Scale  bar  = 1 mm. 


[13.5  km]  NW  Roxboro,  1392,  0.4  mi  [0.64  km]  E 1300, 
36.45°N,  79.12°W,  18  July  1973,  R.M.  Shelley  (NCMNS: 
1824).  Ohio:  Hocking  County:  2 S,  Clear  Creek  Twp, 
39.5406°N,  82.7356°W,  10  September  1931,  T.H.  Hubbell 
(AMNH).  Pennsylvania:  Bucks  County:  2 c?,  2 ?,  Rushland, 
Wilkinson  Rd.,  Coyne  Farm,  vernal  marsh  on  wooded  hilltop, 
40.250°N,  75.042°W,  6-20  August  1998,  H.  O’Connor 
(ANSP);  many  cJ  and  ?,  same  locality,  21  July-5  August 
1998,  H.O  ’Connor  (ANSP).  Cumberland  County:  1?,  Boiling 
Springs,  40.1498°N,  77.1283°W,  8 August  2010,  J.  Ryndock 
(MEM).  Virginia:  Clarke  County:  5 <?,  Blandy  Farm,  ca  3 mi 
[4.8  km]  south  of  Boyce,  39.0624°N,  78.0622°W,  1 August 
1991,  D.R.  Smith  (VMNH).  Cumberland  County:  2 3, 
“Hardwood  site  1 (north)’’  2 km  SSW  of  Columbia, 
37.732°N,  78.175°W,  1 August  1990,  J.C.  Mitchell  (VMNH). 
Essex  County:  4 d,  1 ?,  1.5  km  SE  Dunnsville,  “Malaise  trap 
Bl#l’’,  37.8473°N,  76.8015°W,  12  July  1991,  D.R.  Smith 
(VMNH).  Fluvanna  County:  6 c?,  2 9,  Kents  Store,  Bell  drift 
fence  site,  37.8779°N,  78.1286°W,  13  September  1995,  M.  Bell 
(VMNH).  Henrico  County:  1 d,  Westhampton,  west  Rich- 
mond, 37.5741°N,  77.5146°W,  June-July  1991,  W.  Mitchell 
(VMNH);  I 9,  National  Guard  Facility,  2 mi  [3.2  km]  SE  of 


Sandston  on  LaFrance  Rd.,  37.498°N,  77.292°W,  11  July-19 
August  2001,  K.L.  Derge  (VMNH).  Henry  County:  1 d, 
Broeski’s  Farm,  ca  2 mi  [3.2  km]  E of  Sandy  Level  in  pitfall 
traps,  36.57 1°N,  79.68 UW,  22  August-18  September  1987, 
RLH  (VMNH);  1 d,  1 9,  Vicinity  of  Martinsville,  36.692°N, 
79.865°W,  4 August  1993,  Career  Club  Excurs.  (VMNH).  Isle 
of  Wight  County:  2 d,  Zuni  Pine  Barrens,  36.7803°N, 
76.89 14°W,  31  August  [?],  C.A.  Pague  (VMNH).  Prince 
William  County:  1 d,  1 9,  Manassas  NBP,  0.3  km  S of  Sudley 
Spring,  38.8168°N,  77.5164°W,  22  July  1999,  A.C.  Chazal 
(VMNH).  York  County:  3 cJ,  1 9,  Cheatham  Annex  Naval 
Supply  Base,  “Cheatham  Pond  DF  site”,  37.2934°N, 
76.6 19°W,  6 July  1989,  DNH  survey  (VMNH). 

Etymology, — The  specific  epithet  means  “true”  serratipalpe. 
The  name  reinforces  the  distinctiveness  of  the  species  from  the 
type  of  L.  serratipalpe  Roewer  1910,  which  Cokendolpher 
(1981)  showed  to  be  a female  L.  calcar,  while  acknowledging 
the  later  and  more  accurate  concept  of  L.  serratipalpe  as 
developed  by  American  workers  (Davis  1934;  Bishop  1949; 
Edgar  1966;  McGhee  1970).  See  “Remarks”  for  details. 

Diagnosis. — Penis  (Figs.  27,  31):  shaft  essentially  straight  in 
lateral  view,  usually  with  a pair  of  small,  subterminal  alae; 
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Figures  27-3 1 . — Genital  structures  of  Lciobimum  eusernitipulpe  new  species:  27.  Diagrammatic  lateral  perspective  of  male  showing  position  of 
penis;  28,  29.  Ventral  perspective  of  typical  variants  of  female  sternum  (genital  operculum  removed);  30.  Dorsal  (internal)  perspective  of  typical 
female  genital  operculum;  31.  Dorsal  perspective  of  penis.  All  to  same  scale.  Scale  bar  = 1 mm. 


glans-shaft  junction  not  demarcated  dorsally,  no  constriction 
from  dorsal  or  lateral  view,  glans  tapering  distally,  with  strong 
dorsal  curvature.  Male  palps  (Figs.  23,  24):  generally  gracile; 
femur  inflated  somewhat  distally,  with  very  low  retrolateral 
apophysis  or  none,  but  with  retrodistal  field  of  large  denticles; 
retrolateral  armature  limited  to  distal  1/3  of  femur;  tibia 
inflated  ventroproximal  forming  a rounded-to-flat  prominence 
with  field  of  denticles.  Female;  sternum  usually  with  small 
median  anterior  notch  (sometimes  absent)  and  with  small  (less 
than  half  sternum  width)  posterior  median  process  (Figs.  28, 
29),  palpal  femur  lacking  retrolateral  apophysis  (Fig.  25). 
Both  sexes  with  a long  prolateral  row  of  denticles  extending 
the  full  length,  or  nearly  so,  of  each  coxa. 

Description  of  male  holotype. — Body  length:  6.3  mm. 
Dorsum  (Fig.  19):  Carapace  length,  width:  1.7  mm,  2.8  mm. 


Cuticle  coarsely  granulate,  golden  brown  with  dark  sigilla 
lateral  to  ocularium.  Supracheliceral  lamina  parallel  with  tips 
diverging,  a few  large  denticles  form  a row  down  dorsal 
surface  of  each  side.  Median  preocular  prominence  with  6 
denticles  in  2 transverse  rows.  Ozopore  white,  ringed  in  brown. 
Sharp  denticles  circling  ozopore  and  scattered  between  mound 
and  median  prominence.  Ocularium  dark  brown,  lighter 
medially,  weakly  canaliculate;  7 denticles  on  left  carina,  8 
denticles  on  right  carina.  Mesopeltidium  slightly  elevated 
above  surface  of  propeltidium;  mesopeltidium  and  metapelti- 
dium  each  with  transverse  row  of  white  spots.  Opisthosoma: 
Tapered  posteriorly;  cuticle  golden  brown,  coarsely  granulate, 
covered  in  tiny  tubercles.  Scutal  tergites  (tergites  1-5) 
distinguished  by  transverse,  lateral  rows  of  sigilla  and  bands 
of  white  dots;  posterior  margins  of  tergites  5 and  6 rebordered 
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medially,  straight,  brown;  lateral  margin  of  dorsum  white, 
especially  on  posterior  tergites.  Anal  operculum  golden  brown 
with  small  scattered  denticles. 

Venter  (Fig.  20).-  Labrum  with  slight  dorsal  curvature  and  a 
subterminal  pair  of  small  lateral  tubercles.  Sternites  golden 
brown,  darker  anteriorly;  cuticle  finely  granulate.  Posterior 
margin  of  sternites  3-5  straight;  sternite  7 trapezoidal.  Two 
large  sigilla  extend  from  the  posterolateral  genital  operculum 
to  the  anterior  margin  of  sternite  3.  Sternite  3 and  lateral 
sternite  2 partially  fused,  genital  operculum  clearly  demarcat- 
ed. Operculum  golden  brown  with  lateral  submarginal  rows  of 
pointed  denticles  and  small  scattered  denticles  and  erect  setae; 
anterior  margin  rebordered,  white. 

Appendages:  Chelicerae:  Golden  brown  with  short  darker 
bands  on  proximal  prodorsal  and  retrodorsal  surfaces  of 
second  article.  Distodorsal  surface  of  first  article  and  dorsal 
and  prolateral  surfaces  of  second  with  scattered  erect  setae, 
denser  on  distal  prolateral  surface. 

Palps  (Figs.  23,  24).-  Measurements  in  mm:  femur  1.5; 
patella  0.7;  tibia  1.2;  tarsus  1.5.  Primarily  golden  brown, 
dorsal  femora  surface  with  incomplete  brown  bands.  Tro- 
chanter with  3 distal  denticles  and  prolateral  submarginal  row 
of  erect  setae.  Femur  arched  distally  with  a small  distal 
retroventral  process;  large,  dark,  distally-pointing  denticles 
clustered  on  the  anterior  surface  of  the  process,  a few  scattered 
distally;  distodorsal  surface  with  2-3  irregular  rows  of 
denticles;  proximal  prolateral  surface  with  a row  of  7 dark, 
blunt  denticles  on  left  femur,  9 on  the  right;  setae  scattered  on 
dorsal,  ventral,  and  distal  prolateral  surfaces.  Patella  with 
submarginal  row  of  dark  distally-pointing  denticles  and  erect 
setae,  interrupted  ventrally;  a few  smaller  denticles  scattered 
on  surface;  distal  prolateral  margin  protuberant  with  a coat  of 
erect  setae.  Tibia  slightly  curved,  forming  a shallow  ventral 
concavity;  proximal  ventral  surface  expanded,  forming  a 
square,  flat  region  covered  with  small,  dark  proximally- 
pointing  denticles  (retrolateral  denticles  smaller  and  pointing 
distally);  proximodorsal  surface  slightly  inflated;  distal  pro- 
ventral  surface  with  longitudinal  row  of  5 evenly  spaced,  dark- 
tipped  denticles;  entire  surface  with  a coat  of  long  erect  setae, 
fine  recumbent  setae  present  dorsally.  Tarsus  slightly  arched 
and  curving  slightly  prolaterally;  surface  coated  with  long 
erect  and  short  recumbent  setae;  dark  blunt  denticles  arranged 
in  a tight  row  down  the  length  of  the  proventral  surface,  with 
denticles  at  either  end  smaller  and  pointed;  distal  ventral  tip 
with  dense,  fine  erect  setae.  Tarsal  claw  with  5 distally  pointing 
teeth  increasing  in  length  distally. 

Legs:  Measurements  of  femur,  patella,  tibia,  metatarsus, 
tarsus  in  mm:  I:  7.8,  1.6,  6.4,  8.4,  10.8;  II:  13.5,  1.6,  12.7,  12.9, 
28.3;  III:  7.3,  1.6,  5.9,  8.9,  11.1;  IV:  10.3,  1.9,  7.1,  8.6,  10.8. 
Coxae  golden  brown,  slightly  lighter,  and  mottled  proximally; 
short  erect  setae  and  rounded  denticles  scattered  over  surface; 
large  sharp  denticles  (some  pointed,  some  flat-topped)  arranged 
in  a tight  row  down  the  anterior  length  of  all  coxae;  coxa  IV 
with  complete  posterior  row,  distal  end  of  anterior  row  curving 
dorsally,  adjacent  to  margin  of  coxa  III,  with  smaller  denticles 
scattered  distally;  coxae  I,  II,  and  III  with  a short,  distal 
retrolateral  row  of  denticles.  Trochanters  dark  reddish-brown; 
small  pointed  denticles  scattered  over  all  but  the  ventral  surface, 
increasing  in  size  dorsally;  small  denticles  arranged  in  a distal 
ventral  submarginal  row;  denticles  larger  on  trochanter  I, 
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smaller  on  trochanter  IV.  Femur  basal  piece  defined  by 
circumferential  ring,  concolorous  with  trochanters;  row  of 
small  distally-pointing  denticles  circle  the  basal  piece,  larger 
dorsad;  ventrally-pointing  projection  on  proximal  ventral 
margin;  shaft  golden  brown  with  dark-tipped  distally-pointing 
denticles  arranged  in  loose  longitudinal  rows,  prolateral  and 
retrolateral  denticles  smaller  and  denser;  femora  I,  III,  and  IV 
wider  distally  with  a ventral  submarginal  row  of  denticles. 
Patellae  golden  with  reddish-brown  mottling;  dorsal  surface 
slightly  arched  distally;  large  sharp  denticles  arranged  in  a distal 
submarginal  row,  smaller  denticles  and  setae  arranged  in  a few 
longitudinal  rows  (reduced  on  patella  II).  Tibiae  golden  brown 
with  dark  flecks  and  blotches,  leg  II  lighter;  denticles  with 
distally  adjacent  setae  scattered  over  surface  and  forming  a 
distoventral  submarginal  row;  fine  recumbent  setae  present;  all 
denticles  reduced  on  tibia  II,  but  5 rows  of  erect  setae  and  5-7 
incomplete  pseudoarticulations  present.  Metatarsi  golden  with 
a coat  of  fine  recumbent  setae  and  5 rows  of  erect  setae;  5 
incomplete  pseudoarticulations  each  with  a ventral  pair  of 
spines  on  distal  half  of  metatarsi  1,  III,  and  IV,  7 pseudoarti- 
culations with  reduced  spines  on  metatarsus  II.  Tarsus  with  5 
rows  of  erect  setae;  ventral  spines  present  only  on  proximal 
(longer)  segments;  fine  erect  setae  on  ventral  surface,  denser  on 
the  distal  segments,  longer  setae  clustered  ventrally  and  dorsally 
around  the  tarsal  claw.  Tarsal  claw  curved,  reddish,  smooth. 

Penis  (Figs.  27,  31):  4.2  mm.  Shaft  without  sacs  or  bulbs, 
but  with  a pair  of  small,  subterminal  alae;  shaft  straight  with  a 
slight  ventral  curve  at  base;  shaft  somewhat  dorsoventrally 
flattened,  rounder  medially,  tapers  distally;  no  distinct  joint 
present  between  the  shaft  and  glans;  glans  narrow  and  curving 
dorsally  at  a 90°  angle,  slightly  expanded  laterally  at  curve; 
stylus  projecting  slightly  posterior. 

Variation  in  male. — Labrum  may  be  straight  or  sharply 
curved  dorsally.  Size  and  number  of  denticles  on  the  palpal 
tibia  varies.  Cuticle  surface  texture  ranges  from  smooth  to 
very  coarse.  Penis  shaft  usually  straight,  but  infrequently 
curved  dorsally;  glans  usually  strongly  curved,  but  may  be  less 
so,  frequently  due  to  preservation  (distinguished  by  a wrinkled 
patch  of  cuticle  on  the  ventral  surface  of  the  curve).  Small  alae 
absent  or  present,  sometimes  extending  over  curve  of  glans. 
Leg  color  ranges  from  golden  to  dark  brown.  Sternite  2 may 
or  may  not  be  distinct  from  genital  operculum. 

Description  of  female  paratype. — Body  length:  7.9  mm. 
Dorsum  (Fig.  21):  Carapace  length,  width:  2.1  mm,  3.4  mm. 
Cuticle  covered  with  tiny  scattered  tubercles  creating  a 
coarsely  granular  texture;  tubercles  dark  and  more  prominent 
on  medial  mesopeltidium  and  metapeltidium.  Anteromedian 
prominence  with  three  rows  (1  median  and  2 lateral)  of  2-3 
denticles.  Ozopore  mound  with  a few  denticles  scattered  on 
each  side.  Ocularium  weakly  canaliculate  with  5 pointed 
denticles  and  a few  scattered  erect  setae  on  each  carina;  dark 
reddish-brown,  darker  around  the  eyes.  Propeltidium  golden 
brown,  darker  anterior  to  ocularium,  with  dark  lateral  sigilla 
and  marginal  border  near  leg  III.  Mesopeltidium  and 
metapeltidium  each  with  reddish-brown  medial  band,  whitish 
posterior  and  lateral  margins,  gold  anterior  margins,  and 
white  lateral  spots.  Supracheliceral  lamina  golden  brown  with 
an  irregular  row  of  pointed  denticles  on  dorsal  and  anterior 
surfaces  of  each  parallel  side.  Opisthosoma:  Abdomen  oval 
and  slightly  tapered  posterior;  cuticle  coarsely  granular  and 
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predominantly  medium-reddish  brown,  darker  laterally;  ter- 
gites  1-6  form  a scutum,  with  each  tergite  distinguished  by 
color;  faint  central  figure  indicated  by  dark  border;  bordering 
breaks  up  at  tergite  4,  becoming  two  anterior  dark  blotches  on 
tergites  5-7;  transverse  bands  of  white  dots  extend  across 
tergites  1-3,  limited  to  lateral  regions  of  the  posterior  tergites; 
tergites  5-7  light  in  color  lateral  to  the  central  figure, 
appearing  as  2 large  posterior  white  blotches  from  a distance. 
Anal  operculum  golden  reddish-brown  with  a few  tiny 
scattered  erect  setae. 

Venter  (Fig.  22).-  Labrum  straight  with  pair  of  small 
subterminal  lateral  tubercles.  Sternites  golden  reddish-brown 
with  a lighter  anterior  transverse  band,  darker  anterior  margin, 
and  white  posterior  and  lateral  margins;  surface  smooth  with 
short,  scattered  erect  setae.  Genital  operculum  golden  brown 
with  two  posterolateral  sigilla;  cuticle  smooth  with  a few 
scattered  erect  setae.  Genital  operculum  and  sternites  well 
demarcated.  Flat-topped  denticles  arranged  in  a lateral 
submarginal  row  (smaller  posteriorly)  on  anterior  half  of  the 
operculum.  Anterior  margin  thickly  rebordered  and  protruding 
anteriomedially,  forming  a thick  white  “lip”  with  posterior 
sulcus;  a very  short  medial  sulcus  extends  posteriorly  from 
transverse  sulcus.  Inner  (dorsal)  surface  (Fig.  30)  with  posteri- 
or-pointing “shelf’  (phragma)  and  median  septum,  corre- 
sponding to  the  external  sulci.  Sternum  (Fig.  28)  straight  and 
thick,  with  a small  medial  notch;  posterior  margin  with 
rectangular  median  process  about  half  the  width  of  the  sternum, 
muscles  attached  to  the  dorsal  (inner)  surface  of  the  process. 

Appendages:  Chelicerae:  Golden  brown  with  scattered  erect 
setae  on  dorsal  surfaces  of  first  and  second  article;  second 
article  with  narrow  prolateral  distal  band  of  erect  setae 
becoming  a dense  cluster  just  proximal  to  fixed  finger. 

Palps  (Figs.  25,  26).-  Measurements  in  mm:  femur  1.5; 
patella  0.7;  tibia  1.2;  tarsus  1.8.  Palpal  segments  uniformly 
golden  brown.  Trochanter  with  2 tiny  submarginal  distally- 
pointing  retrodorsal  and  ventral  denticles;  setae  form  a distal 
prodorsal  field  and  sparse,  ventral  submarginal  row.  Femur 
narrow,  slightly  wider  distally;  small  distally  pointing  denticles 
arranged  in  a retroventral  row  terminating  at  a distal 
submarginal  row,  setae  interspersed,  denticles  denser  distally, 
setae  denser  proximally;  weak  proventral  row  diverging; 
proximal  prolateral  surface  with  a row  of  7 denticles  on  left 
femur,  6 on  right  femur,  and  scattered  erect  setae;  distal  dorsal 
and  prolateral  margin  each  with  one  denticle,  surfaces  with 
erect  setae  arranged  in  a few  irregular  rows.  Patella  with  a 
rounded  distal  prolateral  apophysis;  coat  of  short,  erect  setae 
covers  process,  distal  ventral,  and  prolateral  surfaces;  pro- 
dorsal, retrodorsal,  and  retrolateral  surfaces  each  with  a wide 
longitudinal  band  of  scattered  distally-pointing  denticles  and 
setae;  a distal  submarginal  row  of  denticles  interrupted 
at  process.  Tibia  with  a coat  of  fine,  dark  recumbent  setae 
on  all  but  the  ventral  surface;  erect  setae  scattered  ventrally 
and  forming  loose  rows  dorsally;  denticles  scattered  on  the 
retrolateral  surface  and  form  a distal  irregular  pro-  and 
retrolateral  row;  2 denticles  on  distal  prolateral  margin.  Tarsus 
with  a coat  of  recumbent  setae  and  6-8  loose  rows  of  erect  setae 
(denser  and  finer  distally,  particularly  around  the  tarsal  claw). 
Tarsal  claw  reddish-brown,  darker  distally,  with  7 teeth. 

Legs:  Measurements  of  femur,  patella,  tibia,  metatarsus, 
tarsus  in  mm:  I:  8.4,  1.7,  6.7,  8.3,  11.0;  II:  15.5,  1.9,  14.0,  13.4, 


29.7;  III:  8.3,  1.6,  6.4,  8.9,  11.6;  IV:  12.5,  2.0,  9.3,  13.9,  17.4. 
Coxae  light  reddish  to  golden  brown,  slightly  lighter  and  ■ 
mottled  proximally;  short  erect  setae  and  tiny  rounded 
denticles  sparsely  scattered  over  surface  and  arranged  in  a 
ventral  submarginal  row;  tight  rows  of  flat-topped  denticles 
extend  nearly  the  full  length  of  the  prolateral  and  retrolateral 
surfaces,  with  prolateral  denticles  larger  on  coxae  I,  II,  and 
III,  and  retrolateral  denticles  larger  on  coxa  IV;  coxa  IV 
extends  beyond  the  margin  of  coxa  III,  exposing  the  distal  1 
anterior-dorsal  surface;  a few  small  scattered  denticles  and  2 
larger  submarginal  denticles  present  in  the  exposed  region. 
Trochanters  dark  reddish-brown,  pointed  denticles  scattered 
pro-  and  retrolaterally  and  arranged  in  a distal  ventral 
submarginal  row  with  a few  interspersed  erect  setae;  denticles 
larger  on  trochanter  I,  smaller  on  trochanter  IV.  Femora 
basal  portion  dark  reddish-brown  with  a row  of  small 
denticles  circling  distally,  interrupted  ventrally;  shaft  golden 
brown  and  slightly  expanded  distally  (except  femur  II);  6-7 
loose  rows  of  distally-pointing  denticles  and  distally-adjacent 
seta  on  all  but  the  ventral  surface,  dorsal  denticles  larger;  two 
large  submarginal  distally-pointing  denticles  present  dorsally 
and  3 smaller  denticles  pro-  and  retrolaterally;  femur  II 
denticles  reduced.  Patellae  golden  brown  with  darker  dorsal 
mottling;  small  distally-pointing  denticles  in  4-6  loose 
longitudinal  rows  and  in  a distal  submarginal  row,  dorsal 
denticles  larger;  denticles  reduced  on  patella  II.  Tibiae  golden 
brown  with  a coat  of  fine  recumbent  setae  and  5 longitudinal 
rows  of  erect  setae  and  small  proximal  denticles;  distal 
margin  dark  with  proventral  and  retroventral  rows  of  small 
denticles,  each  terminating  with  a dark  spine;  tibia  II  mostly 
lacking  denticles,  but  retaining  ventrolateral  spines;  5-6 
incomplete  pseudoarticulations  on  tibia  II;  vestiture  of 
microtrichia  present  distally  on  all  tibia.  Metatarsi  golden 
brown,  distal  margin  reddish;  cuticle  with  a coat  of 
recumbent  setae  and  5-7  rows  of  short  erect  setae;  4-5  faint 
pseudoarticulations  (11-12  on  metatarsus  II)  indicated  by  a 
reddish  dorsal  mark,  each  with  a pair  of  distally-pointing 
ventral  spines  (absent  from  some  pseudoarticulations  on 
metatarsus  II).  Tarsus  golden  brown,  darker  distally, 
proximal  half  of  first  segment  and  dorsal  distal  margins  of 
all  segments  darker;  a pair  of  spines  present  at  the  distal 
ventral  margin  of  all  but  the  most  distal  segments;  recumbent 
setae  cover  entire  surface,  denser  and  longer  ventrally  and 
distally;  short  erect  setae  arranged  in  5-7  rows  down  the 
length  of  the  tarsus,  longer  erect  setae  clustered  around  tarsal 
claw.  Tarsal  claw  reddish. 

Ovipositor:  Typical;  two  spermathecae  visible  in  ring  6,  shaft 
slightly  expanded  dorsoventrally  around  the  spermathecae. 

Variation  in  female. — The  sternal  notch  is  reduced  in  a few 
specimens  we  have  seen,  and  the  posterior  sternal  process  is  ! 
absent  in  specimens  from  eastern  Pennsylvania,  Maryland  and 
northeastern  Virginia.  However,  it  is  likely  that  the  sternal 
process  sclerotizes  during  the  adult  instar;  in  populations  with 
sternal  processes,  it  is  variably  expressed  in  early-season  (June) 
individuals  but  is  present  and  well  sclerotized  in  specimens 
collected  in  August  and  September.  Therefore,  the  collection 
date  should  be  taken  into  consideration  when  identifying 
females  that  may  belong  to  this  species.  Intensity  of  dorsal 
color,  pattern,  and  central  figure  varies  greatly,  but  posterior 
whitish  blotches  on  the  opisthosoma  are  usually  visible.  Leg 
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Eigure  32. — Map  of  collection  localites  for  Leiohimum  euserrati- 
palpe  new  species.  Open  circles  are  localities  of  specimens  observed  in 
this  study.  Black  circles  are  localities  obtained  from  the  literature 
(Bishop  1949;  Davis  1934;  Edgar  1971;  McGhee  1970).  A star 
indicates  the  type  locality. 

color  ranges  from  golden  to  dark  brown.  Denticles  of  the 
palpal  tibia  sometimes  reduced. 

Range. — This  species  is  widely  distributed  east  of  the 
Mississippi  River  and  is  common  in  the  Atlantic  Coastal 
Plains  and  Piedmont  of  the  eastern  United  States  (Fig.  32). 

Remarks. — Although  it  is  technically  a new  species,  L. 
euserratipalpe  already  has  a complicated  taxonomic  history. 
Leiobunum  serratipalpe  Roewer  1910  was  described  from 
specimens  collected  in  “Long  Lake”  and  “Cold  River,  North 
America.”  Cokendolpher  (1981)  examined  the  “male”  cotype 
(the  only  specimen  that  appears  to  be  available)  and  found  it 
be  an  adult  female  L.  calcar,  an  observation  that  we  have 
confirmed.  Without  reference  to  the  type  material,  Crosby  & 
Bishop  (1924)  questioned  the  validity  of  L.  serratipalpe  and 
speculated  that  purported  male  specimens  were  actually 
subadult  males  of  L.  calcar.  In  addition,  no  confirmed  adult 
female  L.  serratipalpe  had  been  described  (but  see  McGhee 
1970),  although  it  was  assumed  to  closely  resemble  female  L. 
calcar.  Cokendolpher  (1981)  found  several  L.  serratipalpe-Wke 
specimens  within  a large  collection  of  L.  calcar  from  Maine, 
USA,  and  concluded  that  L.  serratipalpe  was  a junior 
synonym  of  L.  calcar.  This  verdict  was  widely  accepted,  and 
L.  serratipalpe  was  subsequently  omitted  from  checklists 
and  keys  of  North  American  harvestmen  (e.g.,  Edgar  1990) 
and  its  records  were  lumped  with  those  of  L.  calcar  (e.g., 
Cokendolpher  & Lee  1993). 

However,  one  of  the  most  common  summer  species  in  the 
Mid-Atlantic  Coastal  Plain  and  Piedmont  of  Pennsylvania, 
Maryland  and  Virginia  (named  here  L.  euserratipalpe) 
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corresponds  to  the  traditional  descriptions  of  L.  serratipalpe 
(e.g.,  Davis  1934;  Bishop  1949;  Edgar  1966;  McGhee  1970). 
Leiohimum  calcar  is  largely  absent  from  this  region  but  is 
common  in  the  adjacent  Appalachian  Mountains.  The  two 
species  are  sometimes  found  together,  but  they  are  readily 
distinguished  by  size  and  reproductive  structures.  Leiobunum 
euserratipalpe  also  occurs  in  the  southern  portion  of  the 
United  States  (e.g.,  Mississippi),  again  where  L.  calcar  is 
absent.  Although  it  is  clear  that  L.  euserratipalpe  is  distinct 
from  L.  calcar  in  the  regions  cited  above,  it  is  premature  to 
assume  that  all  specimens  that  have  been  assigned  to  L. 
serratipalpe  in  the  past  are  examples  of  L.  euserratipalpe.  It  is 
possible,  for  example,  that  subadult  males  of  L.  calcar  or 
individuals  with  reduced  retrorolateral  femoral  apophyses 
on  the  palp  have  indeed  been  misidentified  as  this  species.  A 
more  thorough  examination  of  the  harvestman  fauna  of  the 
Appalachian  Mountains  and  points  north  and  west  is  needed 
to  firmly  establish  the  geographic  range  of  L.  euserratipalpe. 

Leiobunum  calcar  (Wood  1868) 

(Figs.  33^6) 

Phalangium  calcar  Wood  1868:26-27,  fig.  6. 

Liobunum  calcar  (Wood):  Weed  1887:935;  Weed  1889a:90- 
91;  Weed  1889b:  102-1 03;  Weed  1890:918;  Weed  1893a: 
553-554;  Weed  1893b:290-291;  Banks  1893:211;  Banks 
1894:page?;  Banks  1901:675;  Roewer  1910:219;  Roewer 
1923:899,  fig.  1054;  Walker  1928:163,  pi.  1,  fig.  9. 
Liobunum  hrunnea  Walker  1928:167,  pi.  2,  fig.  12  (synony- 
mized  by  Davis  1934:670). 

Leiobunum  calcar  (Wood):  Crosby  1904:256;  Davis  1934:670- 
672,  pi.  32,  figs.  16,  17,  pi.  33,  fig.  31;  Bishop  1949:189-190, 
pi.  3,  figs.  43-50;  Edgar  1966:360,  fig.  5;  McGhee  1970:131- 
138,  figs.  22a,  23b,  25a, b,  30,  31  [unpublished  dissertation]. 
Leiobunum  serratipalpe  Roewer  1910:218;  Roewer  1923:899, 
fig.  1054  (synonymized  by  Cokendolpher  1981:112-113). 
“Leiobunum  cumherlandense”  McGhee  1970:122-128,  figs. 
21e,  23c,  24e,  f,  30,  31  [unpublished  dissertation].  NEW 
SYNONYMY. 

Type  material. — Phalangium  calcar  Wood  1868.  d holotype. 
Type  locality:  “mountains  of  South-western  Virginia”.  Not 
observed;  presumed  to  be  lost  (Davis  1934:662). 

Other  material  examined. — CANADA:  Ontario:  Manitoulin 
County:  1 <S,  Manitoulin  Island,  Square  Bay,  45.75°N,  82.5°W, 
26  July  1948,  W.  Ivie  (AMNH).  Parry  Sound  County:  1 S, 
Osawa  Island,  Georgian  Bay,  9 mi  [14.5  km]  SSW  of  Pointe  au 
Baril,  on  rock,  45.27.548°N,  80.25. 808°W,  3 July  2007,  P. 
Miller,  G.  Stratton,  B.  Suter  (UMD).  Simco  County:  1 ?, 
Orillia,  44.68°N,  79.3 1°W,  27  July  1938,  C.H.  Curran 
(AMNH);  1 (?,  South  of  Stirling,  44.15°N,  77.39°W,  16  July 
1965,  J.  & W.  Ivie  (AMNH).  USA:  Illinois:  McLean  County: 

1 ?,  Bloomington,  40.4842°N,  88.9937°W,  [?]  June  [?],  col!.? 
(INHS:  0007);  1 ?,  Lawnridge,  40.644°N,  89.605°W,  26 
October  1959,  Butler  (MCZ:  36720).  Iowa:  Dickinson  County: 

2 c?,  Okoboji,  sweeping  grass,  43.3876°N,  95.138°W,  13  July 

1916,  coll?  (NMNH);  4 7 ?,  same  locality,  [?]  1918,  TCS 

(NMNH).  Kentucky:  Bell  County:  1 ?,  Pine  Mt.  State  Park, 
36.7448°N,  83.7195°W,  27  August  1965,  A.  & L.  Davis 
(AMNH:  “L.  cumber kmdense"),  2 S,  same  locality,  2 August 
1963,  A.  & L.  Davis  (AMNH:  “L.  cumherlandense”)',  1 d,  same 
locality,  23  August  1966,  A.  & N.  Davis  (AMNH:  “L. 
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Figures  33-36. — Dorsal  and  ventral  perspectives  of  Leiohwmm  calcar  (Wood  1 868),  typical  male  and  female  from  type  region.  Scale  bar  = 1 mm. 


cumherltmdense”).  Knox  County:  IT,!?,  Wooded  hillside 
Trace  Branch,  near  Heidrick,  36.8935°N,  83.8596°W,  17  June 
1962,  A.  Davis  (AMNH).  Laurel  County:  2 <3,  1 ?,  Cumber- 
land Natl.  Forest  [as  of  1966,  Daniel  Boone  National  Forest], 
36.8558°N,  84.3474°W,  22  August  1965,  L.  Davis  (AMNH: 
“L.  cumherlandertse").  Maine'.  Washington  County:  3 T,  3 ?, 
8 km  S.  Milbridge,  44.46 19°N,  67.8929°W,  22-27  July  1990, 
coll.?  (AMNH).  Penobscot  County:  1 T,  1 9,  Howland, 
45.2387°N,  68.6636°W,  5 July  1987,  coll.?  (TTU-Z  58,786). 
Maryland'.  Garrett  County:  2 (3,  2 ?,  3 km  SE  New  Germany, 


“Managed  Oak  Forest,”  (132,  lot  003),  39.62°N,  79.105°N, 
elev.  779  m,  11-18  July  2005,  M.  Sarver  (UMD).  Massachu- 
setts'. Berkshire  County:  13  c3,  5 ? Lenox  W.  Mtn.  Rd., 
Pleasant  Valley  Wildlife  Sanctuary,  42.35 13°N,  73.3378°W,  [?] 
July  1976,  J.  Coddington  (NMNH).  Michigan'.  Charlevoix 
County:  1 c3,  no  specific  locality  (county  center  used  for 
coordinates),  45.3 18°N,  85.2584°W,  T.H.  Hubbell  (AMNH). 
Cheboygen  County:  2 T,  2 ?,  no  specific  locality  (county  center 
used  for  coordinates),  45.48°N,  84.50°W,  7 July  1983,  coll.? 
(TTU  Z-58,833);  1 T,  Douglas  Lake,  Hook  Point,  45.5674°N, 
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Figures  37^2. — Palps  of  Leiohimimi  calcar  (Wood  1868):  37,  38.  Typical  male  from  type  region,  southwestern  Virginia;  39,  40.  Male 
“cumberlanclense”  variant;  41 , 42.  Typical  female  from  type  region.  Retrolateral  perspectives  on  left,  prolateral  perspectives  on  right.  Scale  bar  = 1 mm. 


84.6797°W,  3 July  1931,  E.L.  Miner  (AMNH).  St.  Claire 
County:  3 9,  New  Baltimore,  42.681 1°N,  82.7369°W,  5 July  1944, 
B.  Malkin  (AMNH).  Missouri.  Lincoln  County:  2 2 9,  Cuivre 

River  State  Park,  Hamilton  Hollow  Trail,  elev.  550  ft  [168  m], 
39.03°N,  90.93°W,  21  June  1986,  N.V.  Horner  (TTU  Z-58,799). 
New  York-.  Albany  County:  5 d,  Rensselaerville,  42.4794°N, 
74.172°W,  15  July  1975,  T.  Eisner  (AMNH).  Chautaugua 
County:  2 9 , Chautaugua,  42.2098°N,  79.4667°W,  July-August 
1943,  C.  Widmer  (AMNH).  Herkimer  County:  1 <?,  1 9,  Little 
Ealls,  43.0434°N,  74.8596°W,  3 July  1918,  coll.?  (AMNH). 


Madison  County:  1 9,  Deruyter  Lake,  42.8145°N,  75.8978°W,  3 
July  1922,  coll.?  (AMNH).  Oneida  County:  1 <3,  Trenton  Falls, 
42.2715°N,  75.1602°W,  5 June  1931,  coll.?  (AMNH).  Tioga 
County:  1 9,  Spencer,  42.2124°N,  76.4963°W,  5 August  1923, 
coll.?  (AMNH).  Tompkins  County:  4 d,  1 9,  Ellis  Hollow, 
42.4273°N,  76.4108°W,  28  July  1932,  N.W.  Davis  (AMNH);  1 d, 
Freeville,  42.5 14°N,  76.3466°W,  10  August  1924,  Swank 
(AMNH).  Ulster  Co:  1 >3,  Cherrytown  near  Kerhonkson, 
41.8251°N,  74.3293°W,  18  July  1976,  Wygodzinsky  (AMNH). 
North  Carolina-.  Jackson  County:  1 9,  Whitewater  Falls,  Parking 
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Figures  43-46. — Genital  structures  of  Leiobimum  calcar  (Wood  1868);  43.  Diagrammatic  lateral  perspective  of  male  showing  position  of  penis;  [. 
a.  typical  male,  b.  “cumberlandense”  variant  (southwestern  Kentucky);  44.  Ventral  perspective  of  female  sternum  (genital  operculum  removed); 

45.  Dorsal  (internal)  perspective  of  female  genital  operculum;  46.  Dorsal  perspective  of  penis;  a.  typical  male,  b.  “cumberlandense”  variant  ; 
(southwestern  Kentucky).  All  to  same  scale.  Scale  bar  = 1 mm.  ! 


Area,  35.07 FN,  82.887°W,  28  August  1973,  R.M.  Shelley 
(NCMNS:  1937);  1 d,  Brushy  Fork  of  Greens  Creek, 
35.3249°N,  83.2822°W,  27  July  1971,  F.  Coyle  (TTU  Z= 
58,831);  1 <3,  Richland  Balsam  Mountain,  elev.  6300-6400  ft 
[1920-1950  m],  35.3673°N,  82.9904°W,  4 August  1970,  F.  Coyle 
(TTU  Z-58,783);  1 9,  Dulaiiy  Bog  at  SR  1100  X 108  S of 
Cashiers,  elev.  3020  ft  [940  m],  35.0306°N,  83.0656°W,  21  July 
1975,  F.  Coyle  (TTU-Z  58,786).  Cherokee  County:  1 3,  11.2  mi 
[18  km]  NW  Murphy,  along  1326,  35.222°N,  84.160°W,  27  July 
1974,  R.M.  Shelley  (NCMNS;  2437).  Macon  County:  13  1$, 
5 mi  [8  km]  N of  Highlands,  35.1269°N,  83.1924°W,  August 
1967,  K.  Kleinpeter  (AMNH),  2 3,  same  locality,  9 July  1958, 


I 

Hoffman  (NMNH);  1 $,  Highlands,  “at  Kleinpeter’s  place,”  I 
35.0365°N,  83.192rW,  22  July  1967,  Hoffman  & Kleinpeter  [ 
(VMNH),  2 3,i  $,  Coweeta  Hydrologic  Station,  35.0596°N,  i 
83.4205°W,  22  July  1977,  L.  Reynolds  (NCMNS:  A6823),  2 $,  || 
same  locality,  22  September  1977,  L.  Reynolds  (NCMNS:  I 
A6812,  A6864),  1 $,  same  locality,  1 1 August  1978,  L.  Reynolds 
(NCMNS:  A5258),  1 $,  same  locality,  6 September  1977,  Lee  ■ 
Reynolds  (NCMNS:  A6818);  1 $,  Glen  Falls,  2 mi  [3.2  km]  SW  : 
Highlands,  3200  ft  [975  m],  35.03rN,  83.238°W,  18  July  1988,  K. 
Smith  (NMNH);  1 3,  Highlands  Biological  Station,  elev.  3840  ft  f 
[1 170  m],  35.054°N,  83.I89°W,  18-28  July  1988,  A.W.  (NMNH); 

1 3,  Satulah  Mtn.,  1 mi  [1.6  km]  S of  Highlands,  4500  ft  [1372  m],  ' 
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35.036N,  83.192W,  19  July  1988,  W.A.  Shear  (VMNH). 
McDowell  County:  I Curtis  Creek  Campground,  FR  482  N 
of  Old  Fort,  35.6889°N,  82.1976°W,  elev.  —560  m,  20-21  August 
2007,  M.  Hedin  et  al.  (UMD).  Swain  County:  1 ?,  GSMNP, 
Clingman’s  Dome  area,  spruce-fir  forest,  6500  ft  [1981  m], 
35.5627°N,  83.4985°W,  26  July  1988,  AWS  (NMNH).  Transyl- 
vania County:  1 <J,  Davidson  River  Campground,  off  Hwy.  276, 
elev.  -650  m,  35.28 13N,  82.7234W,  19-20  August  2007,  M. 
Hedin  (UMD);  1 J,  6.6  mi  [10.6  km]  WNW  Brevard,  Gov.  Rd., 
3.5  mi  W Fish  Hatchery,  35.26°N,  82.85°W,  29  August  1973, 
R.M.  Shelley  (NCMNS:  1992).  Yancey  County:  1 S,  Mt. 
Mitchell,  “camping  area  near  top”,  35.760rN,  82.2709°W,  31 
July  1972,  R.L.  Hoffman  (VMNH).  Ohio:  Ottawa  County:  1 <?, 
Catawba  Island,  41.583°N,  82.8346°W,  date?,  J.S.  Hine 
(NMNH).  Pennsylvania:  Columbia  County:  6 1 $,  Orangeville, 

41.339°N,  80.519°W,  13  August  1932,  Hughes  & Davis 
(AMNH).  Erie  County:  1 $,  no  specific  locality  [counter  center 
used  for  coordinates],  42.10°N,  80.10°W,  24  June  1987,  C. 
Tugman  (TTU-Z  58,708).  Tennessee:  Blount  County:  3 <?,  Cades 
Cove,  GSMNP,  35.4950°N,  84.0227°W,  12  September  1959, 
coll.?  (AMNH).  Cocke  County:  1 d,  Albright  Grove,  “ATBl 
Plot,”  35.9359°N,  83.1220°W,  19  June-6  July  2001.  M.  McCord 
(NPS);  2 cJ,  GSMNP,  vie.  Cosby  ATBI  residence  house, 
35.7779°N,  83.2135°W,  elev.  518  m,  28  July-9  August  2000,  M. 
Hedin,  J.  Cokendolpher  (AMNH).  Sevier  County:  1 d,  GSMNP, 
trail  up  Mt.  Leconte,  35.6542°N,  83.4372°W,  September  1959, 
PC  Holt  (NMNH);  1 d,  2 ?,  GRSM  ATBI  Plot:  Goshen  Prong, 
35.6105°N,  83.5453°W,  27  August-17  September  2001,  I.C. 
Stocks  (NPS);  1 <3  2 ?,  Great  Smoky  Mtns.,  ATBI  Plot:  Indian 
Gap,  35.61 08°N,  83.4436°W,  6 August-3  September  2001,  R. 
Fox  (NPS),  IcJ,  same  locality,  35.6108°N,  83.4436°W,  3-26 
September  2001,  I.C.  Stocks  (NPS);  1 cJ,  1 $,  Great  Smoky  Mtns., 
ATBI  Plot:  Twin  Creeks,  35.685°N,  83.499°W,  10-30  September 
2002,  coll?  (NPS),  1 1 ?,  same  locality, 5-1 8 July  2000,  Parker, 

Stocks,  Petersen  (NPS),  1 ?,  same  locality,  26  September-12 
October  2000,  Parker,  Stocks,  Petersen  (NPS),  1 9,  same  locality, 
15-23  May  2001,  I.  Stocks,  M.  Williams  (AMNH).  Pickett 
County:  3 <3,  3 9,  Pickett  State  Park,  36.558°N,  84.79 16°W, 
25  June  1967,  C.R.  McGhee  (AMNH:  “L.  cumber kindense"). 
Roane  County:  3 Kingston,  35.8809°N,  84.5085°W,  12  July 
1933,  W.J.  Gertsch  (AMNH).  Vermont:  3 9,  North  Danville, 
44.459°N,  72.094°W,  13  August  1967,  A.M.  Chickering  (MCZ: 
37203).  1 9,  Lake  Bomoseen,  43.645°N,  73.225°W,  10  July  1936, 
coll.?  (MCZ:  37147).  Virginia:  Amherst  County:  4 <S,  1 9, 
Tarjacket  Ridge,  37.43 16°N,  78.6569°W,  9 July  1998,  J.  Schilling 
(VMNH);  3 (J,  1 9,  same  locality,  4 August  1998,  VMNH  survey 
(VMNH).  Augusta  County:  1 <3,  GWNF,  5 mi  [8  km]  west  of 
Stokesville  Comp.,  “452-8A  Trap  3,”  38.3403°N,  79.2334°W,  8 
July  1989,  B.  Flamm  (VMNH);  1 3,  GWNF,  ca  5 mi  [8  km]  west 
of  Stokesville  Comp.,  “460-3  Trap  3,”  38.3403°N,  79.2334°W,  1 
September  1989,  B.  Flamm  (VMNH).  Bath  County:  2 3,  SE 
of  Hot  Springs,  “crest  of  Warm  Springs  Mtn.,”  38.0526°N, 
79.7684°W,  19  August  1999,  S.M.  Roble  (VMNH);  1 3, 
“headwaters  of  Smith  Creek,  across  Middle  Mtn.  from  Douthat 
State  Park,”  38.571 3°N,  78.8298°W,  9 July  1988,  R.L.  Hoffman 
(VMNH);  2 3,  Warm  Springs  Mtn,  WFD,  UV,  38.0526°N, 
79.7684°W,  14  June  1999,  J.C.  Ludwig  (VMNH).  Botetourt 
County:  1 3,  3 9,  Roaring  Run,  37.6924°N,  79.8909°W,  21 
August  1996,  M.  Donahue  (VMNH).  Clarke  County:  1 3,  1 9, 
Blandy  Farm,  ca  3 mi  [4.8  km]  south  of  Boyce,  39.0624°N, 
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78.0622°W,  2 July  1991,  D.R.  Smith  (VMNH);  5 9,  same  locality, 
1 August  1991,  D.R.  Smith  (VMNH).  Dickenson  County:  1 9, 
Breaks  Interstate  Park,  “DF  site  2,  Nature  Trail,”  37.287°N, 
82.296°W,  22  August-6  October  1991,  VMNH  survey  (VMNH). 
Essex  County:  3 3,  19,  1.5  km  SE  Dunnsville,  “Malaise  trap 
Bl#l,”  37.8473°N,  76.8015“W,  12  July  1991,  D.R.  Smith 
(VMNH).  Floyd  County:  1 3,  Buffalo  Mountain  NAP,  “north 
slope  DF  site,”  36.796°N,  80.477°W,  15  July-29  August  2001, 
VMNH  survey  (VMNH);  33,  1 9,  Buffalo  Mountain  NAP, 
“south  slope  DF,”  37.43 16°N,  78.6569°W,  9 August-6  Septem- 
ber 2000,  Joint  Survey  (VMNH).  1 9,  Buffalo  Mountain  NAP, 
“UV  trap  at  base  of  hump,”  37.43 16°N,  78.6569°W,  elev.  1067  m, 
3 June  2000,  S.M.  Roble  (VMNH);  1 3,  1 9,  Buffalo  Mountain 
NAP,  “trailhead  at  parking  lot,”  37.43 16°N,  78.6569°W,  2 June 
2004,  R.L.  Hoffman  (VMNH);  2 9,  Buffalo  Mountain  NAP, 
“upper  foot  trail  to  top,”  37.43 16°N,  78.6569°W,  29  July  2000, 
Joint  Survey  (VMNH);  4 3,  Buffalo  Mountain,  —1300  m,  6 mi 
[9.7  km]  SE  of  Willis,  36.796°N,  80.477°W,  25  August  1984,  R.L. 
Hoffman  (VMNH).  Giles  County:  1 9,  Mountain  Lake, 
37.355 1°N,  80.5368°W,  June-July  1947,  H.H.  Hobbs,  Jr.  and 
Zoology  class  (TTU);  1 3,  Mountain  Lake,  3800  ft  [1158  m], 
37.355  UN,  80.5368°W,  [?]  June  1959,  Holt  & Hoffman 
(NMNH).  Henry  County:  1 3,  Breeski’s  Farm,  “near  Ridge- 
way,” 36.9893°N,  79.4825°W,  22  August  1987,  VMNH  Exped 
(VMNH).  Highland  County:  I 3,  Locust  Springs,  “Buck  Run 
ponds,”  38.5828°N,  79.6352°W,  5 August  1999,  S.M.  Roble 
(VMNH);  1 3,  Locust  Spring  Recreation  Area,  8 mi  [13  km]  NW 
of  Bluegrass,  38.5828°N,  79r6352°W,  elev.  1158  m,  13  July  1974, 
R.L.  Hoffman  (VMNH).  Lee  County:  1 3,  Cumberland  Gap 
National  Historical  Park,  36.623°N,  83.645°W,  13  June  1965,  N. 
Davis  (AMNH:  “L.  cumherlanderise").  Montgomery  County: 
3 3,  Blacksburg,  37.2296°N,  80.4139°W,  15  July  1956,  Hoffman 
(NMNH).  Nelson  County:  2 3,  The  Priest,  4.5  mi  [7.2  km]  SE  of 
Montebello,  37.8199°N,  79.0625°W,  elev.  1 189  m,  1^29  August 
1991,  VMNH  survey  (VMNH);  1 3,  The  Priest,  “at  drift  fence 
site,”  37.8199°N,  79.0625°W,  elev.  1189  m,  20  September  1991, 
R.L.  Hoffman  (VMNH);  2 3,  North  Fork,  Tye  River,  —4  mi 
[-6.5  km]  E of  Montebello  on  Va.  687,  PF,  37.8595°N, 
79.0446°W,  6 September  1998,  VMNH  survey  (VMNH).  Russell 
County:  1 3,  Cedar  Creek  Falls,  ca  4 mi  [6.4  km]  NE  of  Lebanon, 
36.9542°N,  82.0541  °W,  2 July  1989,  R.B.  & R.L.  Hoffman 
(VMNH).  Wise  County:  1 3,  0.8  mi  [1.3  km]  NW  of  Tacoma  on 
VA  Hwy. 706,  mixed  woods,  dry  hillside,  36.9408°N,  82.5448°W, 
19  July  1989,  R.L.  Hoffman  (VMNH). 

Diagnosis. — Penis  (Figs.  43a,  b,  46a,  b):  shaft  with  broad 
ventral  bend  in  lateral  view,  followed  by  smaller  dorsal  bend 
subterminally  in  region  of  alae;  alae  varying  from  large  and 
dorsally  curved  to  essentially  absent;  glans  curved  dorsally. 
Male  retrolateral  apophysis  present  on  palpal  femur,  varying 
from  large  (Fig.  37)  to  scarcely  developed  (Fig.  39)  but  always 
associated  with  a field  of  stout,  pointed  denticles.  Female 
palpal  femur  usually  with  low  retrolateral  apophysis  covered 
in  enlarged  spine-like  denticles  (Fig.  41).  Posterior  margin  of 
female  sternum  with  long  median  process  (greater  than  half 
sternum  width)  projecting  into  soft  cuticle  of  pregenital 
chamber,  process  essentially  doubling  length  of  sternum; 
anterior  sternal  margin  usually  with  narrow  median  notch 
(Fig.  44),  sometimes  apparently  absent. 

Description  of  typical  male  from  type  region  (Virginia:  Buf- 
falo Mountain  NAP,  “trailhead  at  parking  lot,”  37.4316°N, 
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78.6569°W,  20  June  2004,  R.L.  Hoffman  (VMNH).— Body 
length:  6.5  mm.  Dorsum  (Fig.  33):  Carapace  length,  width: 
2.0  mm,  3.4  mm.  Surface  granulate  and  light  brown  to  golden 
yellow-brown  with  medium  brown  bordering  extending  from 
the  lateral  margin  of  carapace  to  anterior  opisthosoma  margin. 
Anterior  median  prominence  with  1 median  denticle  and  a row 
of  2-3  lateral  denticles  on  each  side.  Mesopeltidium  and 
metapeltidium  distinct  medially,  merging  laterally;  each  with  a 
single  row  of  white  dots;  posterior  margins  light  brown  and 
rebordered.  Ocularium  reddish-brown  with  a dark  circumocu- 
lar  band  and  acanaliculate,  with  a loose  circle  of  15  sharp,  dark- 
tipped  denticles  and  a few  interspersed  short  erect  setae  around 
each  eye;  anterior  denticles  point  posteriorly,  posterior  denticles 
point  anteriorly,  dorsal  denticles  larger  and  more  numerous. 
Ozopore  mound  with  sharp  denticles  scattered  on  all  but  the 
anterior-lateral  surface,  with  a few  extending  to  the  ocularium. 
Supracheliceral  lamina  arching  ventromedially  with  parallel 
parts  divided  by  a deep  cleft;  sharp,  distally-pointing  dark- 
tipped  denticles  on  dorsal  and  anterior  surfaces.  Opisthosoma: 
Tapers  posteriorly;  surface  granular  with  a few  tiny  scattered 
setae  laterally;  predominantly  light  brown  with  a very  faint 
central  figure  beginning  around  the  ocularium  and  fading  at 
tergite  6.  Rows  of  sigilla  demarcate  tergites  1-6  lateral  to  central 
figure;  tergites  1-7  with  a complete  medial  transverse  band  of 
white  spots  and  whitish  anterior  and  posterior  bordering; 
tergite  8 with  two  large  lateral  posterior  sigilla.  Anal  operculum 
light  brown  with  medial  white  blotch  and  a few  scattered  setae 
and  small  sharp  denticles.  Venter  (Fig.  34):  Labrum  curved 
dorsally  with  a rough  ventral  surface.  Sternites  light  yellow  with 
white  bordering  on  posterior  margin  and  light  brown  on 
anterior  margin;  sparse  erect  setae  scattered  over  surface. 
Sternite  3 overlaps  sternite  4,  sternite  4 overlaps  sternite  5; 
sternites  7 and  8 fused  medially  but  distinct  laterally;  posterior 
margin  of  sternites  3 and  4 slightly  recurved,  all  other  margins 
straight.  Genital  operculum  yellowish  and  somewhat  transpar- 
ent posterior-medially;  anterior  margin  strongly  rebordered  and 
whitish  with  a dark  medial  blotch;  submarginal  row  of  small, 
sharp,  dark  denticles  lateral,  smaller  rounded  denticles  and 
setae  scattered  on  medial  surface.  Genital  operculum  and 
sternites  2 and  3 fused;  the  posterior  operculum  margin 
demarcated  by  a shallow,  incomplete  recurved  crease.  Large 
sigilla  on  posterior  lateral  surface  of  operculum  extend  to 
anterior  portion  of  sternite  3.  Sternum  simple,  slightly  narrower 
medially. 

Appendages:  Clielicerae:  Light  golden  brown  with  slightly 
darker  dorsal  surface  on  proximal  article,  small  dark  retro- 
dorsal  blotches  on  distal  article;  setae  scattered  on  dorsal 
surface  of  both  articles,  becoming  denser  distally  and  forming 
a distal  prolateral  row  on  distal  article  and  a submarginal  row 
on  proximal  article. 

Palps  (Figs.  37,  38).'  Measurements  in  mm:  femur  1.7; 
patella  0.8;  tibia  1.5;  tarsus  1.7.  Trochanter  light  golden  brown 
with  distal  prolateral  row  of  erect  setae.  Femur  brown,  darker 
distally;  narrow  basally  (but  proximal  dorsal  surface  slightly 
inflated),  becoming  strongly  infiated  and  arched  distodorsally, 
then  narrowing  slightly  at  distal  end;  ventral  surface  slightly 
curved.  Sharp  denticles  and  setae  scattered  on  distal  prolateral 
and  dorsal  surfaces  and  arranged  in  a dorsal  retrolaterally 
curving  row  and  a proximal  prolateral  row  of  4 large  denticles 
on  the  left  femur,  6 on  the  right.  Distal  retroventral  surface 


with  a large  (0.6  mm)  conical  “spur”  or  apophysis  projecting 
ventrolaterally.  A dense  field  of  sharp  denticles  and  inter-  i 
spersed  setae  extends  from  anterior  apophysis  surface  to  distal  , 
femoral  margin.  Patella  dark  brown;  dorsal  surface  3^  times  > 
the  length  of  the  ventral  surface;  distal  prolateral  surface 
slightly  protuberant;  an  irregular  row  of  dark  distally  pointing  ' 
denticles  extends  along  the  dorsal  to  retrolateral  margin; 
smaller  denticles  scattered  retrolaterally  and  in  loose  dorsal 
row;  scattered  erect  setae  cover  all  but  the  ventral  surface.  ; 
Tibia  golden  brown  with  darker  dorsal  and  retrolateral  , 
blotches.  Proximal  dorsal  surface  slightly  inflated;  proximal 
ventral  surface  expanded,  forming  a large  flat  prominence  ; 
densely  covered  with  proximally-pointing,  sharp,  dark  denti- 
cles. Ventral  surface  arched  distal  to  prominence  and  covered 
with  long  erect  setae.  Dark  denticles  form  a proventral  band 
and  loose  distal  retroventral  row.  All  but  the  retrodorsal  ^ 
surface  with  a coat  of  dark,  erect  setae.  Tarsus  light  golden 
brown  and  curving  slightly  ventrally  and  retrolaterally; 
tightly-packed  proventral  row  of  dark,  flat-topped  denticles  j 
extend  nearly  the  full  length  of  the  tarsus;  6-7  rows  of  dark  ! 
erect  setae  covering  all  but  the  ventral  surface;  short  : 
recumbent  setae  cover  the  surface,  and  fine  erect  setae  form  i 
a scopula-like  structure  distoventrally.  Tarsal  claw  golden  . 
brown  with  a dark  tip  with  6 teeth.  f 

Legs:  Measurements  of  femur,  patella,  tibia,  metatarsus,  ; 
tarsus  in  mm:  I:  5.7,  1.6,  5.4,  6.1,  7.0;  II:  11.0,  1.8,  10.7,  10.8,  ' 

22.4;  III:  5.5,  1.5,  4.9,  7.1,  9.6;  IV:  8.1,  1.8,  7.1,  11.8,  13.5.  ; 

Coxae  yellowish  with  condyles  and  proximal  posterior  margin 
dark;  short  erect  setae  and  tiny  blunt  denticles  scattered  over  f 
surface  and  forming  a ventral  submarginal  row.  Coxae  I and  : 
II  with  an  anterior  row  of  flat-topped  denticles,  coxa  IV  with  a 
posterior  row  of  flat-topped  denticles.  A few  small  denticles  ' 
scattered  on  anterior  surfaces  of  coxa  III  and  IV,  posterior  of  i 
III,  but  not  forming  a distinct  row.  Coxa  II  with  large  dark-  i 
tipped  denticle  on  posterior  margin.  Trochanters  dark  brown;  ! 
small,  distally  pointing  denticles  scattered  on  dorsal,  prolat-  i 
eral,  and  retrolateral  surfaces  and  arranged  in  a distal  . 
submarginal  circumferential  row;  dorsal  surface  with  distal  : 
medial  longitudinal  groove.  Femur  base  dark  brown,  wider 
proximally,  with  scattered  distally-pointing  denticles  on  pro- 
and  retrolateral  surfaces;  distinguished  from  shaft  by  a ; 
circumferential  groove;  shaft  light  golden  brown,  dark  brown  ■ 
distally  (except  femur  II);  distally-pointing  dark-tipped  denti-  ■ 
cles  and  accompanying  distally  adjacent  seta  arranged  in  5-7  ■ 

irregular  longitudinal  rows,  more  defined  dorsally,  absent  ^ 
ventrally  (femur  I denticles  denser,  rows  less  defined);  distal 
ventral  margin  with  a row  of  dark-tipped  denticles,  distal  ’ 
dorsal  margin  with  2 distally  pointing  denticles.  Patellae  with 
4—6  loose  longitudinal  rows  of  tiny  denticles  and  a distal 
submarginal  row  of  larger  denticles,  cuticle  dark  brown.  : 
Tibiae  golden  brown,  darker  distally  (except  tibia  II);  tiny  ' 
distally-pointing  denticles  arranged  in  5-8  proximal  longitu- 
dinal rows;  each  denticle  accompanied  by  a distal  erect  seta, 
with  setae  continuing  each  row  distally;  tibia  II  with  setae  rows 
only  and  a few  tiny  denticles;  distal  margin  with  a ventral  row 
of  small  denticles  terminating  in  a single  spine  at  either  end  ‘ 
(tibia  II  with  spines  only);  surface  with  a coat  of  recumbent  ’ 
setae;  vestiture  of  microtrichia  present,  especially  distally.  ' 
Tibia  II  with  5 incomplete  pseudoarticulations.  Metatarsi  with  ' 
6-8  pseudoarticulations,  each  with  a pair  of  distally  pointing 
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ventral  spines  and  a dark  dorsal  blotch;  5-6  rows  of  erect  setae 
extend  down  the  metatarsus  and  tarsus;  metatarsi  and  tarsi 
golden  brown  with  a coat  of  recumbent  setae.  Tarsi  with  fine, 
dense,  erect  setae  on  ventral  surface,  denser  distally;  longer 
(proximal)  telotarsi  with  2 distally  pointing  ventral  spines  on 
distal  margin.  Claw  smooth. 

Penis  (Figs.  43a,  45a):  5.1  mm  long.  Dorsoventrally 
flattened  (rounder  basally),  with  a lateral  ridge  down  most 
of  the  length  of  both  sides  of  the  shaft;  base  expanded  laterally 
at  attachment  to  stabilizing  rods;  shaft  curved  dorsally,  thickly 
sclerotized  distally.  Alae  thick  and  angled  dorsally,  with  shaft 
bulging  dorso-medially  between  alae;  glans  curving  90° 
dorsally  and  stylus  projecting  dorsally  from  tip. 

Variation  in  male. — The  species  displays  substantial  varia- 
tion in  several  characters.  The  central  figure  and  dorsal  rows 
of  white  spots  and  darker  markings  vary  from  apparent  to 
faded,  or  may  be  absent.  Trochanters  and  basal  portions  of 
the  femora  are  generally  dark,  often  contrasting  with  the 
femoral  shaft  but  are  concolorous.  The  legs  and  palps  range 
from  golden  to  dark  brown.  Denticle  density  varies  on  the 
carapace,  particularly  between  the  ozopore  mound  and 
median  prominence,  as  well  as  on  the  coxa,  although  the 
presence  or  absence  of  rows  shows  little  variation.  The  fusion 
between  the  genital  operculum  and  sternites  2 and  3 may  be 
partial  or  complete.  The  palps  may  occasionally  be  less  robust, 
but  not  slender,  and  have  a reduced  but  still-evident  retro- 
lateral  apophysis  (Figs.  39,  40).  Penis  curvature  varies  from 
shallow  to  pronounced,  and  alae  may  be  horizontal  (Figs.  43b, 
46b)  rather  than  angled  dorsally,  or  reduced  to  a thickly 
sclerotized  region  near  the  base  of  the  glans. 

Description  of  typical  female  from  type  region:  U.S.A.: 
Virginia:  Floyd  County:  Buffalo  Mountain  NAP,  “trailhead 
at  parking  lot,”  37.4316°N,  78.6569°W,  20  June  2004,  R.L. 
Hoffman  (VMNH). — Body  length:  7.5  mm.  Dorsum  (Fig.  35): 
Carapace  length,  width:  2.0  mm,  3.3  mm.  Supracheliceral 
lamina  similar  to  that  of  the  male.  Ozopore  mound  with  a few 
scattered  sharp  denticles  laterally.  Ocularium  acanaliculate 
but  appearing  canaliculate  due  to  a dark  medial  band  and 
lighter  circumocular  band;  each  carina  with  10  sharp  dark 
denticles;  anterior  denticles  larger  and  point  posterior, 
posterior  denticles  smaller  and  point  anterior.  Anteromedian 
preocular  prominence  light  brown  with  two  brown  longitudi- 
nal stripes  and  a submarginal  row  of  4 small  denticles.  Cuticle 
between  ocularium  and  median  prominence  dark  brown  with 
a dense  field  of  tiny  dark  rounded  tubercles,  giving  a coarsely 
granulate  texture.  Anterior  margin  of  mesopeltidium  slightly 
elevated  above  surface  of  propeltidium  and  fading  laterally 
into  the  carapace  surface;  cuticle  brown  with  white  lateral 
blotches  and  medial  anterior  margin  that  breaks  up  to  white 
dots  laterally;  posterior  and  lateral  margin  dark  brown. 
Metapeltidium  medium  brown,  white  laterally,  with  posterior 
and  lateral  dark  brown  bordering  and  an  anterior  row  of  white 
dots.  Opisthosoma:  Rounded  and  gently  tapering  posterior. 
Tergites  1-5  marked  by  a slight  ridge  halfway  between  the 
medial  and  lateral  lines  of  the  dorsum,  creating  a distinct 
rounded  medial  region;  cuticle  coarsely  granular  with  tiny 
rounded  tubercles  less  dense  but  more  distinct  lateral  (distal) 
to  the  ridge.  Central  figure  defined  by  medium-dark  bordering 
extending  from  tergite  1 to  the  anterior  margin  of  tergite  5 and 
continuing  as  2 dark  anterior  blotches  on  remaining  tergites. 
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Tergites  1^  medium  to  dark  brown,  lighter  laterally  (distal  to 
ridge),  medial  region  with  transverse  rows  of  white  dots  along 
each  tergite  and  short  rows  of  small  dark  brown  dots 
separating  tergites  between  central  figure  and  ridge.  Remain- 
ing tergites  light  to  golden  brown,  darker  laterally,  with  medial 
white  dots.  Anal  operculum  medium  brown  with  large  white 
medial  blotch  and  a few  small  submarginal  denticles. 

Venter  (Fig.  36).'  Sternites  3-6  smooth,  light  brown,  anterior 
and  posterior  margins  fading  to  white,  with  a brown  anterior 
border;  sternite  7-1-8  white  with  light  brown  posterior 
bordering  and  4 medium  brown  dots  in  2 rows;  posterior 
and  lateral  margins  rebordered.  Genital  operculum,  and  all 
sternites  distinct.  Operculum  white  medially  and  golden  brown 
laterally  with  2 large  posterior  sigilla;  two  smaller  sigilla 
extend  from  proximal  half  of  sternite  2 to  anterior  margin  of 
sternite  3.  Setae  and  small  denticles  scattered  medially  on 
operculum,  sharp,  dark-tipped  denticles  arranged  in  a lateral 
submarginal  row;  anterior  denticles  larger  and  denser. 
Anterior  margin  thickly  rebordered  and  protruding,  forming 
a whitish  “lip”  and  a transverse  sulcus  with  a corresponding 
transverse  phragma  on  the  inner  (dorsal)  surface;  anterior 
body  of  operculum  protuberant  and  slightly  bilobed  just 
posterior  to  transverse  sulcus,  forming  a short  medial  sulcus 
and  corresponding  inner  medial  ridge  in  the  posterior  space 
formed  by  the  phragma  (Fig.  45).  Sternum  anterior  margin 
notched  medially  and  slightly  angled  ventrally;  median 
posterior  process  as  long  as  sternum  width  (Fig.  44).  Labrum 
straight  and  expanded  ventrally  at  base. 

Appendages:  Chelicerae:  Light  golden  brown.  Proximal 
article  with  medium  brown  dorsal  surface  and  distal  submar- 
ginal row  of  setae,  second  article  with  small  dark  retrodorsal 
blotches  and  setae  scattered  on  dorsal  surface  and  arranged  in 
imperfect  pro-  and  retrolateral  rows  (denser  and  less  organized 
distally). 

Palps  (Figs.  41,  42).-  Measurements  in  mm:  femur  1.6; 
patella  0.7;  tibia  1.2;  tarsus  1.9.  Trochanters  golden  brown 
with  a distal  retroventral  row  of  setae  and  small  median 
submarginal  tubercle.  Femur  medium  brown,  darker  dorsally; 
diameter  slightly  increases  distally.  A low,  rounded  process 
and  a few  large  dark  denticles  located  at  the  retrolateral 
position  corresponding  to  the  more  prominent  male  apoph- 
ysis. Parallel  pro-  and  retroventral  rows  of  denticles  diverge 
distally,  retroventral  row  terminating  in  short  submarginal 
retrolateral  row  of  smaller  denticles;  a few  distally-pointing 
denticles  scattered  on  distodorsal  surface  and  arranged  in  a 
prolateral  submarginal  row;  erect  setae  interspersed  with 
denticles  and  forming  a prolateral  row;  8 large  denticles  form 
proximal  prolateral  row,  with  proximal  half  abruptly  curving 
ventrally.  Patella  medium  brown,  dorsal  surface  twice  the 
length  of  the  ventral  surface  and  wider  distally;  prolateral 
margin  slightly  protuberant.  Erect  setae  cover  all  but  the 
retroventral  surface;  distally  pointing  denticles  form  2 dorsal 
rows  and  a loose  retrolateral  row,  with  a few  small  denticles 
scattered  distal-retroventrally  and  proximal-prolaterally.  Tibia 
golden  brown,  darker  dorsally,  with  a coat  of  short  recumbent 
setae  and  a single  distal  prolateral  denticle;  a ventral  row  of 
dark-tipped,  distally-pointing  denticles  terminates  in  a distal 
retrolateral  submarginal  row;  proximal  denticles  denser, 
smaller  and  more  scattered,  becoming  a small  retrolateral 
field;  erect  setae  arranged  in  a retrolateral  row  and  scattered 
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on  dorsal,  ventral,  and  distal  prolateral  surfaces.  Tarsus 
golden  brown  with  a narrow  proventral  dark  stripe  corre- 
sponding to  the  male  denticle  row;  dense  recumbent  setae  and 
6-8  rows  of  dark  erect  setae  extend  the  length  of  the  tarsus 
(denser  distally)  with  dense,  fine,  erect  setae  distoventrally; 
claw  golden  brown  with  5-6  teeth. 

Legs:  Measurements  of  femur,  patella,  tibia,  metatarsus, 
tarsus  in  mm:  I:  6.3,  1.7,  5.2,  6.9,  9.6;  II:  1 1.4,  1.7,  10.6,  11.4, 
28.5;  III:  6.0,  1.5,  5.2,  7.6,  10.2;  IV:  8.5,  1.7,  7.7,  11.8,  14.2. 
Coxae  golden  brown  with  proximal  golden  brown  blotches 
surrounded  by  white;  surface  smooth  with  scattered  short 
erect  setae  and  a ventral  submarginal  row  of  a few  small 
denticles  and  interspersed  setae  (fewer  denticles  and  more 
setae  on  coxae  II  and  III).  Coxae  I,  II,  and  III  with  anterior 
(prolateral)  row  of  tlat-topped  denticles  and  tiny  posterior 
(retrolateral)  scattered  denticles;  coxa  IV  with  posterior  row  of 
tlat-topped  denticles  and  small  scattered  denticles  anterior; 
anterior  coxa  IV  and  posterior  coxa  II  each  with  a dorsal 
submarginal  denticle.  Trochanters  dark  brown  with  denticles 
scattered  on  pro-  and  retrolateral  surfaces  (less  dense  on 
trochanter  IV)  and  forming  a distal  circumferential  submar- 
ginal row.  Femur  base  defined  by  a circumferential  groove  and 
dark  brown  coloring,  with  distally-pointing  denticles  and  erect 
setae  scattered  laterally  and  a few  ventrally;  shaft  slightly 
expanded  distally  and  golden  brown  with  dark  brown  distal 
condyles,  a submarginal  row  of  distally-pointing  sharp,  dark 
denticles,  and  approximately  5 irregular  rows  of  distally- 
pointing,  dark-tipped  denticles  (densest  on  femur  I)  with 
accompanying  distal  erect  seta  (ventral  surface  bare).  Patellae 
light  brown  with  whitish  mottling,  especially  on  patella  III; 
narrow  white  bordering  on  distal  margin  of  patella  I;  small 
distally-pointing  dark-tipped  denticles  with  distally  adjacent 
seta  scattered  over  surface,  some  forming  rows  (reduced  on 
patella  II);  a few  larger  denticles  form  a distal  submarginal 
row.  Tibiae  golden  brown  with  a coat  of  short  recumbent 
setae;  5 proximal  rows  of  distally-pointing  dark-tipped 
denticles  extending  no  more  than  half  the  length  of  the  tibiae 
(reduced  on  tibia  I);  erect  setae  distally  adjacent  to  each 
denticle  continue  in  rows  the  full  length  of  the  tibia;  distal 
ventral  submarginal  row  of  a few  small,  dark,  distally  pointing 
denticles  terminate  with  a single  spine  at  either  end;  vestiture 
of  microtrichia  present  distally;  tibia  II  lacking  nearly  all 
denticles,  but  with  setae  and  spines  as  on  other  tibiae  and  4 
faint  incomplete  pseudoarticulations.  Metatarsi  golden  brown 
with  a coat  of  recumbent  setae;  3-4  pseudoarticulations  (8-9 
on  metatarsus  II)  each  with  a dark  dorsal  spot  and  a pair  of 
dark,  distally-pointing  ventral  spines;  5 rows  of  fine  erect  setae 
extend  from  metatarsus  to  proximal  half  of  tarsus;  longer 
(proximal)  telotarsi  with  a distal  pair  of  small  ventral  spines; 
surface  with  a dense  coat  of  recumbent  setae  and  a ventral 
scopula-like  structure  of  fine,  erect  setae;  tarsal  claw  smooth 
with  a ventral  tooth-like  protuberance  at  base. 

Ovipositor:  Typical;  two  spermathecae  visible  between  rings 
6 and  7. 

Variation  in  female. — The  dorsal  surface,  palps,  and  legs 
vary  from  golden  brown  to  dark  brown,  or  even,  rarely, 
predominantly  white.  The  ventral  surface  ranges  from  white  to 
dark  golden  brown,  but  is  always  lighter  than  the  dorsal 
cuticle.  Central  figure  may  be  more  or  less  distinct  and  may 
begin  on  the  carapace  or  tergite  1 . Trochanters  and  femur  base 


are  often  darker  than  the  femur  shaft,  but  can  be  concolorous. 
The  number  of  denticles  on  the  ocularium  varies  from  a few  to 
more  than  20.  Coxal  denticle  rows  vary  from  dense,  distinct 
rows  to  few  and  scattered.  Sternum  notch  may  be  very  shallow 
and  the  posterior  sternal  process  ranges,  although  longer  is 
more  common.  As  in  L.  euserratipalpe,  the  posterior  process 
completes  its  sclerotization  during  the  adult  stage  and  early- 
season  (June)  adults  may  appear  to  lack  the  process,  although 
it  may  be  present  as  a poorly  sclerotized  band.  The  small 
retrolateral  femoral  apophysis  of  the  palp  is  sometimes  greatly 
reduced,  especially  in  smaller  specimens. 

Distribution. — Leiobimum  calcar  ranges  from  Saskatchewan 
(Holmberg  1998)  to  Newfoundland  (Hackman  1956)  in 
Canada.  The  northern  limit  is  not  known,  but  L.  calcar 
appears  to  extend  farther  north  than  other  North  American 
Leiohumim  species.  This  widespread  distribution  continues 
into  the  northern  United  States  from  the  northern  plains  and 
Great  Lakes  Region  to  the  New  England  States,  with  large 
regions  remaining  to  be  sampled  (Fig.  47).  The  species  appears 
to  be  increasingly  restricted  to  the  Appalachian  Mountains  in 
more  southern  states,  which  may  refiect  historical  sampling 
effort  or,  if  accurate,  a propensity  for  cooler  climates. 

Remarks. — Male  L.  calcar  are  typically  recognized  by  a 
prominent  retrolateral  femoral  apophysis  on  the  palp  and  a 
long,  ventrally  curved  penis  with  large  alae,  and  this  is  by  far 
the  most  widespread  association  of  characters  in  the  species. 
However,  there  are  many  regional  or  even  local  variants  that 
differ  in  the  size  of  the  retrolateral  femoral  apophysis  and 
penial  alae.  McGhee  (1970)  proposed  the  species  L.  cumber- 
lamleuse  based  on  the  association  of  reduced  femoral 
apophysis  and  reduced  alae  in  specimens  from  the  Cumber- 
land Region  of  Kentucky,  Virginia,  and  Tennessee.  However, 
specimens  with  well-developed  femoral  apophyses  also  occur 
in  this  region  and  are  otherwise  identical  to  L.  cumbeiiandense. 
In  addition,  we  have  found  several  widely  scattered  popula- 
tions with  the  L.  cumberkmdense  syndrome  (e.g.,  Manitaulin 
Island  in  Lake  Huron  and  far-western  Maryland).  These 
and  other  variants  may  be  monophyletic  and  reproductively 
isolated  from  other  populations  of  L.  calcar,  but  we  cannot  at 
present  find  compelling  morphological  evidence  for  this.  In 
contrast,  the  subterminal  dorsal  bend  in  the  penis  and  the 
presence  of  a long  posterior  sternal  process  in  the  female 
appear  to  be  essentially  universal  features  of  the  species. 

Leiohumim  hoffmam  new  species 
(Figs.  48-61) 

“Leiobimum  hoffmam”:  McGhee  1970:141-147,  figs.  34,  35 

[unpublished  dissertation] 

Type  material  examined. — Holotype  male:  USA:  Virginia: 
Smythe  County:  Mt.  Rogers  NRA,  36.724°N,  8L4904°W, 
elev.  870  m,  10  August  2007,  M.  Hedin  (NMNH).  Paratype:  1 
female:  USA:  Virginia:  Grayson  County:  Whitetop  Mountain, 
“just  off  FS  89,”  36.6387°N,  8L6059°W,  elev.  -1524  m,  25 
June-1 1 July  1998,  VMNH  Survey  (NMNH). 

Other  material  examined. — USA:  North  Carolina:  Alleghany 
County:  2 <3,  5 $,  Doughton  Park  CG,  “on  BRP,  S of  Sparta,” 
36.429()°N,  8L1539°W,  elev.  1100  m,  11  August  2007,  M. 
Hedin  (UMD).  Wilkes  County:  8 3,  3 $,  Doughton  National 
Recreation  Area,  Blue  Ridge  Parkway,  36.40 16°N, 
8L1748°W,  30  July  1967,  C.R.  McGhee  (AMNH).  Virginia: 
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Eigure  47. — Map  of  collection  localites  for  Leiohumim  calcar  (Wood  1868)  and  Leiobimuni  hoffmani  new  species.  Open  circles  are  localities  of 
L.  calcar  specimens  observed  in  this  study.  Black  circles  are  localities  of  L.  calcar  specimens  obtained  from  the  literature  (Bishop  1949;  Carter  & 
Brown  1973;  Davis  1934;  Edgar  1971;  Hackman  1956;  Jennings  et  al.  1984;  Katayama  & Post  1974;  Levi  & Levi  1952;  McGhee  1970;  Weed 
1889a).  Open  squares  are  localities  of  all  known  L.  hoffinani  specimens. 


Grayson  County:  12  d,  12  $,  White  Top  Mountain,  “just  off 
FS  89,”  36.6387°N,  81.6059°W,  elev.  -1524  m,  25  June- II 
July  1998,  Virginia  Natural  History  Survey  (VMNH);  1 d. 
White  Top  Mountain,  “beechwoods,  off  FS  89,”  36.6387°N, 
81.6059°W,  elev.  —1524  m,  20  August  2001,  Virginia  Natural 
History  Survey  (VMNH),  6 d,  same  locality,  25  June-  1 1 July 
1993,  Virginia  Natural  History  Survey  (VMNH);  3 d,  2 ? 
(penultimate),  1 d,  1 ? (antepenultimate),  Grayson  Highlands 
State  Park,  Haw  Orchard  Mountain,  “above  water  tank,” 
36.6270°N,  81.5048°W,  2-15  June  1991,  Virginia  Natural 
History  Survey  (VMNH),  13  d,  3 ?,  same  locality,  36.6270°N, 
81.5048°W,  30  August  1990,  Virginia  Natural  History  Survey 
(VMNH),  3 d,  same  locality,  8 July  1990,  R.L.  Hoffman 
(VMNH);  1 d,  3 ?,  Mount  Rogers,  “horse  trail  to  Helton 
Creek,”  elev.  1310-1370  m,  36.6599°N,  81.5451°W,  8 July 
1990,  R.L.  Hoffman  (VMNH);  10  d,  1 ?,  Highlands  State 
Park,  Haw  Orchard  Mountain,  “spruce  woods  near  Visitor 
Cntr,”  36.6270°N,  81.5048°W,  8 August  1990,  Virginia 
Natural  History  Survey  (VMNH).  3 d,  1 ?,  Grayson 
Highlands  State  Park,  E of  Visitor  Center  & Pinnacles  Trail 
on  Haw  Orchard  Mtn.,  elev.  —1500  m,  spruce  forest  with  rock 
outcrops,  36.6247°N,  81.5013°W,  11  August  2007,  M.  Hedin 
(UMD).  Smythe  County:  5 d,  2 $,  Mt.  Rogers  NRA, 
Hurricane  CG,  W of  Hwy.  16,  36.7240°N,  81.4904°W,  elev. 
870  m,  10  August  2007,  M.  Hedin  (UMD). 

Etymology. — The  species  is  named  in  honor  of  Richard  L. 
Hoffman  for  his  contributions  to  invertebrate  taxonomy. 

Diagnosis. — Penis  (Figs.  58,  61)  elongate  (>  7 mm,  full 
length  of  body  or  more)  gradually  tapered  distally,  alae 
absent.  Male  palp  massive  with  terminally  inflated,  incrassate 
femur  and  proximally  inflated,  incrassate  tibia;  femur  with 
large  retrolateral  apophysis  lined  distally  with  denticles 
(Doughton  Park  Region,  North  Carolina)  (Fig.  52)  or  low 


naked  protuberance  (Grayson  Highlands,  Virginia)  (Fig.  54), 
no  known  intermediates.  Female  sternum  large  with  long 
posterior  process  and  deep  anterior  median  notch  extending  to 
middle  of  sternum  (Fig.  59),  palpal  femur  lacking  the  femoral 
apophysis  (Fig.  56)  of  most  female  L.  calcar  (Fig.  41). 

Description  of  male  holotype.  Body  length:  6.5  mm. 
Dorsum  (Fig.  48):  Carapace  length,  width:  1.8  mm,  3.5  mm. 
Supracheliceral  lamina  with  a few  small  denticles  on  anterior 
and  dorsal  surfaces.  Anterior  median  prominence  with  three 
loose  longitudinal  rows  (one  median,  two  lateral)  of  two  or 
three  small,  sharp  denticles;  additional  denticles  scattered 
between  prominence  and  ozopore,  particularly  along  anterior 
carapace  margin.  Ozopore  mound  with  sharp  denticles  at 
anterior  and  posterior  ends,  smooth  with  a few  small  setae 
laterally.  Ocularium  dark  brown  and  weakly  canaliculate;  each 
Carina  with  10  sharp,  curved  denticles  nearly  circling  the  eye; 
anterior  denticle  pointing  posterior,  posterior  denticles  point- 
ing anterior.  Transverse  postocular  fold  distinct  medially, 
fading  into  general  carapacal  surface  laterally;  a transverse 
row  of  whitish  dots  extends  across  meso-  and  metapeltidium. 
Posterior  margin  recurved  and  rebordered.  Cuticle  otherwise 
orange-brown  and  granulate.  Opisthosoma:  Elongate,  taper- 
ing posteriorly.  In  lateral  view,  dorsal  surface  bends  gradually 
upward  and  then  posteriorly.  Granular  cuticle  predominantly 
light  orange-brown  and  lacking  a central  figure.  Scutal  tergites 
(tergites  1-5)  and  free  tergites  6 and  7 demarcated  by  lateral 
sigilla  and  a transverse  band  of  white  spots.  A pair  of  large 
oval  sigilla  with  dark  bordering  on  tergite  8 indicate  large 
penile  retractor  muscles.  Anal  operculum  with  median  white 
blotch  and  a few  small,  sharp  denticles.  Venter  (Fig.  49): 
Labrum  curved  dorsally  with  a pair  of  lateral  subterminal 
tubercles.  Genital  operculum  and  sternites  yellowish  with  a 
few  darker  markings,  usually  sigilla.  Operculum  and  sternites 
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Figures  48-51. — Dorsal  and  ventral  perspectives  of  Leiobiimmi  hoffmcmi  new  species,  male  holotype,  female  paratype.  Scale  bar  = 


2 and  3 completely  fused;  demarcation  between  operculum 
and  sternite  3 perceptible  only  as  variation  in  color,  with  a 
short,  shallow  transverse  fold  indicating  intersternal  margins. 
Anterior  margin  of  genital  operculum  strongly  rebordered, 
with  resulting  “lip”  protruding  medially,  folding  over  the 
penis  tip;  inner  (dorsal)  surface  of  “lip”  with  medial 
indentation.  Pointed  dark  denticles  form  a lateral  imperfect 
row;  small  rounded  denticles  and  setae  scattered  on  medial 
ventral  surface.  Supraopecular  sternite  simple.  Sternites  3-7 


1 mm.  f‘ 

+ 8 smooth  with  a few  short  erect  setae;  each  anterior  sternite  | 
overlaps  the  posterior  sternite;  sternites  7 and  8 fused,  but  » 
demarcated  laterally  by  short  transverse  folds  in  the  cuticle. 

Appendages:  Chelicerae:  Dark  brown,  lighter  on  distal  half  of  i 
second  article.  Proximal  segment  with  a few  setae  along  distal 
margin.  Second  article  with  a band  of  short,  dark,  transverse 
stripes  on  proximal  3/4  of  lateral  and  dorsal  surfaces;  dorsal 
surface  with  numerous  erect  setae,  denser  just  proximal  to  fixed 
finger.  Movable  and  fixed  fingers  dark;  fixed  longer. 
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Figures  52-57. — Right  palps  of  Leiohimiim  hoffmani  new  species;  52,  53.  Male  holotype;  54,  55.  Male  variant  from  Grayson  County,  Virginia; 
56,  57.  Female  paratype.  Retrolateral  perspective  on  left,  prolateral  perspective  on  right.  Scale  bar  = 1 mm. 


Palps  (Fig.  52,  53)."  Measurements  in  mm:  femur  1.6;  patella 
0.6;  tibia  1.2;  tarsus  1.7.  Cuticle  dark  brown,  proximal  surface 
of  femur  and  distal  tip  of  tarsus  slightly  lighter.  Trochanteral 
tubercle  with  a few  setae  and  denticles.  Femur  narrow  basally, 
inflated  and  arched  distally  forming  a ventral  concavity;  large 
conical  apophysis  (0.8  mm)  projects  from  subterminal  retro- 
lateral  surface;  large,  a field  of  sharp  denticles  extends  over  the 
anterior  apophysis  surface  to  the  distoretrodorsal  margin;  two 
imperfect  longitudinal  rows  of  sharp  denticles  extend  along 
the  distodorsal  surface  and  a few  large  denticles  form  a 
proximal  prolateral  row.  Erect  setae  scattered  on  ventroprox- 
imal  and  apophysis  anterior  surfaces.  Patella  short,  robust, 
with  scattered  erect  setae  in  longitudinal  retrodorsal  and 
prodorsal  bands;  proximal  retrolateral  margin  and  distal 


dorsal  margin  each  with  a cluster  of  large  denticles;  distal 
prolateral  surface  slightly  protuberant.  Tibia  robust;  proximal 
ventral  surface  forming  fiat,  anvil-like  prominence  covered  in 
large,  proximally  pointing  denticles  and  a few  long,  curved 
setae;  tibia  arches  to  form  a large  ventral  concavity  distal  to 
prominence;  proximodorsal  surface  inflated,  coming  into 
apposition  with  the  distodorsal  surface  of  patella;  9 recurved 
denticles  form  a proventral  row.  Widely  spaced,  long,  erect 
setae  cover  all  but  proximodorsal  surface,  setae  especially  long 
in  ventral  concavity;  distal  margin  of  tibia  with  short, 
recumbent  setae.  Tarsus  slightly  inflated  proximally;  curved 
ventrally,  with  distal  end  slightly  curved  retrolaterally;  flat- 
topped  tarsal  denticles  in  highly  organized  tightly  packed  row 
extend  nearly  full  length  of  tarsus,  denticles  smaller  distally; 
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Figures  58-61. — Genital  structures  of  Leiobwmm  hoffmcmi  new  species:  58.  Diagrammatic  lateral  perspective  of  male  showing  position  of 
penis;  59.  Ventral  perspective  of  female  sternum  (genital  operculum  removed);  60.  Dorsal  (internal)  perspective  of  female  genital  operculum; 
61.  Dorsal  perspective  of  penis.  Figs.  59-61  to  same  scale.  Scale  bars  = 1 mm. 


cuticle  covered  with  long,  erect  setae  loosely  arranged  in  rows, 
and  dense  coat  of  short,  recumbent  setae.  Tarsal  claw  with  4 
or  5 teeth. 

Legs:  Measurements  of  femur,  patella,  tibia,  metatarsus, 
tarsus  in  mm:  I:  6.0,  1.6,  5.9,  6.6,  8.8;  II:  12.1,  2.0,  12.3,  16.3, 
23.0;  III:  6.4,  1.5,  5.2,  8.1,  10.1;  IV:  12.4,  1.9,  12.7,  12.3,  22.5. 
Row  of  flat,  evenly-spaced  denticles  developed  along  distal 
anterior  surface  of  coxae  I and  II  and  along  distal  posterior 
surface  of  coxa  IV;  coxa  11  with  1-2  denticles  on  posterior 
margin;  coxa  II-IV  with  scattered  rounded  denticles  on  distal 
ventral  surface;  all  coxae  golden  with  scattered  erect  setae  and 
a ventral  submarginal  row  of  smaller  denticles  and  setae. 
Trochanters  golden-brown  with  small,  distally  pointing,  dark, 
prolateral  and  retrolateral  denticles  and  a distoventral  row  of 


submarginal  denticles.  Femora  with  basal  piece  defined  by  a 
circumferential  groove;  basal  piece  and  immediately  adjacent 
region  of  shaft  concolorous  with  coxae  or  nearly  so;  shaft 
brown  and  increases  in  diameter  distally;  sharp,  distally  curved 
denticles,  each  typically  accompanied  by  a distally  adjacent 
erect  seta,  densely  scattered  on  femur  I and  forming  loose 
rows  on  femora  II-IV;  ventral  surface  smooth  except  for 
a distoventral  submarginal  row  of  denticles.  Patellae  dark 
brown  with  numerous  small,  sharp  denticles,  larger  distodor- 
sally,  some  accompanied  by  distal  erect  setae,  often  arranged 
in  imperfect  rows  (much  reduced  on  leg  II).  Tibiae  slightly 
increased  in  diameter  distally  with  numerous  sharp,  distally 
curved  denticles  (reduced  on  leg  II,  especially  distally)  and 
longitudinal  rows  of  erect  setae;  vestiture  of  microtrichia 
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distally;  tibia  II  with  fine  circumferential  stripes  (pseudoarti- 
culations) and  recumbent  setae.  Metatarsi  with  a coat  of  fine 
recumbent  setae,  denser  dorsally,  and  5-7  rows  of  short  erect 
setae.  Metatarsi  I with  5-6  pseudoarticulations,  II  with  10,  III 
with  5-6,  IV  with  8;  each  psuedoarticulation  with  a pair  of 
ventral  spines  (reduced  on  metatarsi  II).  Tarsi  with  long,  erect 
setae  and  recumbent  setae,  denser  distally,  especially  on  the 
ventral  surface  where  it  forms  a scopula-like  structure;  a pair 
of  long  spines  developed  on  distoventral  margin  of  longer 
(proximal)  tarsomeres.  Claw  curved,  smooth  with  a single 
ventral,  tooth-like  protuberance  at  base. 

Penis  (Figs.  58,  61):  6.7  mm.  Lanceolate,  tapering  gradually, 
and  curving  dorsally;  dorsoventraliy  flattened  at  base, 
becoming  somewhat  rounder  and  more  heavily  sclerotized 
distally;  slight  lateral  ridges  extending  the  length  of  the  shaft 
becoming  somewhat  more  prominent  distally.  Gians  fiat 
dorsally  and  slightly  curved;  no  distinct  joint  between  glans 
and  shaft,  but  ventral  surface  of  shaft  less  sclerotized;  stylus 
short  compared  to  other  species  in  the  group  and  angled 
posteriorly.  Penial  fulturae  nearly  the  length  of  the  shaft  and 
fused;  weak  medial  sclerotization  distally  along  fusion. 

Variation  in  male. — Dorsal  coloration  varies  greatly,  with 
some  displaying  a more  calcarAikc  coloring  of  predominantly 
light  brown  to  orange  with  or  without  an  apparent  central 
figure,  while  others  are  highly  patterned,  with  dark  brown  and 
white  spotting  on  both  the  carapace  and  opisthosoma  and  a 
prominent  central  figure  extending  from  ocularium  to  preanal 
tergite.  The  number  and  symmetry  of  carinal  denticles  varies 
and  may  encircle  the  eye  or  be  present  only  dorsally.  The  most 
significant  palpal  variation  is  the  greatly  reduced  male  femoral 
apophysis  observed  in  one  Virginia  population  (Figs.  54,  55), 
present  as  only  a raised  protuberance,  but  with  denticles 
developed  along  the  anterior  surface  and  distally  to  the  femur 
margin,  an  arrangement  similar  to  that  of  populations  with 
large  apophyses.  Demarcation  of  the  posterior  margin  of  the 
1 genital  operculum/sternite  2 and  anterior  margin  of  sternite  3 

' ranges  from  an  incomplete  transverse  fold  or  groove  to  simply 

a variation  in  color.  Sternites  7 and  8 may  be  completely  fused 
or  distinguished  by  a short  transverse  fold  at  the  lateral 
' margins.  The  tubercles  of  the  supracheliceral  lamina  may 
I be  widely  spaced  or  concentrated  at  the  anteromedial  end. 

! Denticle  rows  on  anterior  coxa  I and  posterior  coxa  IV  nearly 
the  full  length  of  the  coxa;  all  other  denticle  rows  extend  half 
! the  length  of  each  coxa  or  less,  or  may  be  completely  absent. 

, Description  of  female  paratype. — Body  length:  7.6  mm. 
i Dorsum  (Fig.  50).  Carapace  length,  width:  1.9  mm,  3.3  mm. 

Propeltidium  with  dark  brown  sigilla  separated  by  white; 
lateral  margin  brown;  surface  finely  granulate;  anteromedian 
preocular  prominence  with  5 scattered  denticles;  ozopore 
mound  with  anterior  and  posterior  denticles  and  a few 
anterior  setae.  Supracheliceral  lamina  smooth,  projecting 
slightly,  sides  converging  slightly.  Ocularium  weakly  canali- 
culate, but  appearing  strongly  canaliculate  due  to  dark  brown 
coloration  with  black  circumocular  ring;  left  carina  with 
5 sharp,  curved  denticles,  right  carina  with  9 denticles. 
Mesopeltidium  with  dark  brown  transverse  band  bordered 
by  anterior  and  narrow  posterior  white  bands  connected  by  a 
thin  median  bridge  of  white;  bands  indistinct  laterally. 
Metapeltidium  dark  brown  medially  with  a row  of  white 
spots  (anterior  portion  of  central  figure),  mottled  brown  and 
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white  laterally  with  a few  large  white  spots.  Opisthosoma: 
Distinct,  dark,  but  transversely  broken,  longitudinally  variable 
central  figure  most  prominent  on  the  scutum  (tergites  1-5), 
darkest  on  tergites  1,  4 and  5,  and  represented  by  a pair  of 
large  dark  anterior  spots  on  remaining  tergites.  Scutal  tergites 
transversely  demarcated  by  white  posterior  bordering  and 
dark  brown,  thin  sigillary  lines  and  small  dots.  Imperfect 
transverse  rows  of  white  dots  extend  across  each  tergite, 
restricted  to  central  figure  on  anterior  tergites.  Cuticle  lateral 
to  central  figure  predominately  whitish,  darker  on  posterior 
tergites,  often  interrupted  by  brown  transverse  bands  extend- 
ing from  central  figure.  Anal  operculum  with  scattered,  dark- 
tipped  spines;  white  medially  surrounded  by  brown  margin. 

Venter  (Fig.  51).-  Labrum  straight  with  scattered  minute 
tubercles;  at  midpoint,  slightly  expanded  laterally.  Tergites  light 
brown,  fading  anteriorly,  with  whitish  posterior  and  lateral 
bordering;  dark  longitudinal  pleural  band  appearing  continuous 
with  dark,  transverse  sigillary  lines  between  sternites.  Sternite  7 + 
8 lighter  medially  with  four  brown  dots  arranged  in  two  rows. 
Sternites  2 and  3 fused;  genital  operculum  and  all  other  sternites 
distinct.  Anterior  genital  operculum  bilobed  and  rebordered, 
fomiing  a broad  white  “lip”  with  a posterior  transverse  sulcus, 
inner  (dorsal)  surface  with  corresponding  phragma  and  median 
septum  (Fig.  60).  Medial  surface  whitish  with  scattered  setae 
(denser  anteriorly)  and  weak  denticles;  brown  laterally,  becoming 
2 large  brown  posterior  spots;  submarginal  row  of  denticles 
(larger  anteriorly)  developed  laterally.  Lateral  margins  with 
prominent  interior  anterodorsally  projecting  apophyses  that 
engage  the  posterodorsal  surface  of  the  sternum  when  operculum 
closed.  Anterior  sternal  margin  with  large,  rounded  median 
notch  (to  sternum  midpoint)  between  a pair  of  plate-like  lobes; 
robust  posterior  median  process  with  tendinous  apodemes 
attached  laterally  comprises  half  the  total  operculum  length. 

Appendages:  Chelicerae\  Cuticle  light  brown.  Basal  article  with 
a row  of  erect  setae  along  dorsal  surface  curving  laterally  and 
tenninating  distally  at  a submarginal  row  of  erect  setae;  a few 
scattered  setae  ventrally.  Second  article  with  scattered  erect  setae 
on  dorsal  and  prolateral  surface;  prolateral  setae  denser  distally. 

Palps  (Figs.  56,  57).-  Measurements  in  mm:  femur  1.4; 
patella  0.7;  tibia  1.1;  tarsus  1.7.  Cuticle  light  brown,  patella 
and  distal  ends  of  femur  and  tibia  slightly  darker.  Trochanter 
with  a distal  prolateral  row  of  erect  setae  extending  from 
dorsal  to  ventral  surface.  Femur  with  proventral  and  retro- 
ventral  rows  of  sharp  spines,  arising  close  together  proximally 
and  diverging  distally  toward  the  pro-  and  retrolateral 
condyles  of  the  femur-patella  joint;  a few  denticles  scattered 
on  subterminal  dorsal  surface  and  4 or  5 denticles  form  a short 
imperfect  proximal  prolateral  row;  surface  with  scattered  erect 
setae,  especially  numerous  and  elongate  on  ventral  surface. 
Patella  with  setose  process  projecting  distally  from  distal 
prolateral  surface;  scattered  erect  setae  and  small,  distally 
curved  sharp  denticles  cover  all  but  the  ventral  surface;  spines 
especially  well  developed  near  dorsal  condyle  of  patella-tibia 
joint.  Tibia  with  scattered  erect  setae  and  coat  of  fine 
recumbent  setae;  broad  band  of  dark,  distally  projecting  on 
ventro-proximal  and  ventro-retrolateral  surfaces;  a few  well- 
developed  spines  on  the  distal  prolateral  surface.  Tarsus  with 
numerous  long,  erect  setae,  sometimes  arranged  in  longitudi- 
nal rows,  and  a coat  of  fine  recumbent  setae  that  is  especially 
dense  on  distoventral  surface.  Claw  with  6 teeth. 
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Legs:  Measurements  of  femur,  patella,  tibia,  metatarsus, 
tarsus  in  mm:  I:  6.1,  1.6,  5.1,  6.6,  6.4;  II:  10.6,  1.6,  9.9,  10.5, 
21.5;  III:  6.2,  1.6,  4.7,  7.5,  7.9;  IV:  9.0,  1.7,  7.0,  11.3,  12.6. 
Cuticle  light  brown,  slightly  darker  on  femur,  patella  and 
distally  on  tibia;  light  markings  on  trochanter.  All  coxae 
smooth  with  scattered,  erect  setae  and  a ventral  submarginal 
row  of  small  rounded  denticles  more  developed  anterior.  Coxa 
I,  II  and  III  with  distal  anterior  row  of  denticles  and 
proximodorsal  marginal  projection;  coxa  IV  with  distal 
posterior  row  of  denticles.  Trochanters  with  small,  sharp, 
distally  pointing  dark  denticles  scattered  on  prolateral  and 
retrolaterai  surfaces  and  in  a distoventral  submarginal  row; 
darker,  medial  groove  dorsad. 

Femora  basal  piece  defined  by  a circumferential  groove,  1-2 
rows  of  denticles  circling;  femoral  shaft  with  5-8  imperfect  rows 
of  sharp,  distally  curved  denticles;  each  denticle  typically 
accompanied  by  a distally  adjacent  erect  seta;  ventral  surface 
smooth;  sharp  denticles  along  distal  margin.  Patellae  with  small, 
distally  curved,  sharp  denticles  arranged  in  2 rows  of  6-7 
dorsally,  scattered  proximally  on  ventral  surface;  sharp  denticles 
on  distal  margin  (reduced  on  patella  II);  erect  setae  scattered 
ventrad.  Tibiae  increase  in  diameter  distally;  surface  with 
recumbent  setae  and  longitudinal  rows  of  erect  setae;  5 proximal 
rows  of  distally  curved  denticles  accompanied  distally  by  erect 
setae  (denticles  reduced  on  tibia  II);  proximal  denticles  scattered 
ventrally;  tibia  II,  III,  IV  with  sharp  denticles  on  distal  margin; 
vestiture  of  microtrichia  present,  more  dense  distally;  tibia  II  with 
fine,  imperfect  and  incomplete  circumferential  light  stripes. 
Metatarsus  with  4-7  pairs  of  ventral  spines;  spine  pairs  2-5  with 
increasing  evidence  of  pseudoarticulation,  but  none  complete; 
surface  with  scattered  erect  setae  in  loose  rows  and  denser  coat  of 
short  recumbent  setae.  Tarsus  typical.  Claws  without  teeth. 

Ovipositor:  Typical;  two  spermathecae  present  between 
segments  6 and  7. 

Variation  in  female. — The  median  septum  on  the  inner 
surface  of  the  genital  operculum  ranges  from  short  (but  not 
absent)  to  very  long,  in  some,  extending  nearly  a third 
the  length  of  the  operculum  and  terminating  with  a long 
transverse  ridge  subequal  in  length  to  the  anterior  phragma. 
Fusion  of  sternites  2 and  3 may  be  incomplete.  Dorsal 
coloration  and  patterning  around  the  central  figure  varies, 
although  the  patterns  are  often  more  developed  than  on  other 
species  in  the  group.  White  bordering  on  the  sternites  may  be 
more  or  less  apparent.  Legs,  chelicerae,  and  palps  often  have 
similar  coloration  but  range  from  light  golden  brown  to  dark 
brown.  As  with  the  male,  the  number  and  symmetry  of  carinal 
spines  varies.  The  labrum  surface  may  be  smooth  with  a few 
scattered  tubercles  or  rough  from  the  presence  of  many  tiny 
tubercles 

Distribution. — The  species  appears  to  be  limited  to  the  Blue 
Ridge  Mountains  of  northwestern  North  Carolina  and 
southwestern  Virginia  (Fig.  47). 

Remarks. — Leiobimum  hoffmani  shares  several  features  with 
populations  of  L.  calcar  from  the  southern  Appalachian 
Mountains,  including  males  with  very  robust  palps  and  elongate 
penes  with  reduced  alae  and  females  with  very  well-developed 
stemo-opercular  mechanisms.  However,  L.  hoffmani  differs 
consistently  from  L.  calcar  in  the  simplification  of  the 
subtenninal  region  of  the  penis  (complete  loss  of  alae  and 
associated  dorsal  curvature)  and  the  complete  elimination  of  the 


retrolaterai  apophysis  on  the  palpal  femur  of  the  female.  The 
latter  is  particularly  notable  because  there  is  a clear  tendency  for 
females  in  the  montane  L.  calcar  to  have  larger  apophyses. 
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New  species  and  new  records  of  jumping  spiders  (Araneae:  Salticidae:  Heliophaninae) 
from  the  Lake  Victoria  area 


Wanda  Wesolowska:  Institute  of  Zoology,  Wroclaw  University,  Sienkiewicza  21,  50-335  Wroclaw,  Poland.  E-mail: 
tomwes@biol.uni.wroc.pl 

Abstract.  Four  new  species  of  salticids  from  the  neighborhood  of  Lake  Victoria  in  eastern  Africa  are  described: 
Heliopbanus  Jacksoni,  Icius  mbitaensis,  Pseudicius  athleta  and  Pseiulicius  roberti.  Icius  steeleae  Logunov  2004  is  recorded  for 
the  first  time  in  Uganda. 

Keywords:  Jumping  spiders,  new  species,  Afrotropical  Region 


Although  studies  of  Afrotropical  jumping  spiders  have  been 
intense  in  recent  years,  the  diversity  of  salticids  of  most  parts 
of  this  region  is  still  poorly  known.  Over  70  species  of  salticids 
are  known  from  Kenya  (Platnick  2011;  Proszyhski  2011).  This 
number  looks  quite  impressive,  but  the  western  part  of  this 
country  remains  almost  completely  unstudied.  Robert  Jackson 
and  his  team  collected  numerous  salticids  during  a long-term 
behavioral  survey  of  jumping  spiders  conducted  on  the 
northeastern  shore  of  Lake  Victoria  in  Kenya.  A few  of  these 
species  have  been  formally  described;  e.g.,  Mynuarachne 
melanotarsa  Wesolowska  & Salm  2002,  Evarcha  culkivora 
Wesolowska  & Jackson  2003  and  Menemeriis  tropicus 
Wesolowska  2007.  Descriptions  of  four  additional  Kenyan 
salticids  from  this  collection  are  given  in  the  present  paper. 
The  behavior  of  two  of  those  species  was  studied  by  Jackson 
(1986);  they  were  reported  provisionally  as  Pseudicius  sp.  1 (in 
the  present  paper  Pseudicius  athleta)  and  Pseudicius  sp.  2 (now 
Icius  mbitaensis).  These  are  unusual  colonial  salticids,  which 
live  in  large  interspecific  aggregations  within  the  web 
complexes  of  araneids  (Jackson  1986). 

Occasionally  spiders  were  also  collected  by  the  same  team 
on  the  north  shore  of  Lake  Victoria  in  Uganda.  This  collection 
yielded  records  of  four  new  species  for  this  country;  including 
the  earlier  described  Parajotus  cinereus  Wesolowska  2004  and 
Ugandinella  formicula  Wesolowska  2006.  This  increases  the 
total  number  of  species  known  form  Uganda  from  eleven 
(Proszyhski  2011)  to  thirteen. 

METHODS 

Specimens  were  examined  in  a dish  with  15%  ethanol. 
Descriptions  of  colors  pertain  to  wet  specimens.  The 
drawings  were  made  with  the  aid  of  a reticular  eyepiece 
attached  to  a Nikon  SMZ  stereomicroscope.  The  epigynes 
and  the  male  pedipalps  were  removed  for  study.  The 
epigynes  were  macerated  in  hot  5%  KOH  for  a few  minutes, 
and  cleared  in  eugenol.  After  drawings,  the  genitalia  were 
placed  in  micro-vials  with  ethanol  and  put  into  the  vials 
containing  the  specimens  from  which  they  been  removed. 
All  measurements  are  given  in  millimeters.  Digital  photos 
were  taken  of  each  salticid  species  using  a Nikon  Coolpix  8400 
mounted  on  a Nikon  SMZ  stereomicroscope.  The  extended 
focal  range  images  were  stacked  using  CombineZM  image 
stacking  software  (http://www.hadleyweb.pwp.blueyonder.co. 
uk)  to  increase  the  depth  of  field.  Figures  were  prepared  in 
Photoshop  7.0. 


Voucher  specimens  have  been  deposited  in  the  Florida  State 
Collection  of  Arthropods,  Gainesville,  Florida,  USA  (FSCA) 
and  the  Royal  Museum  for  Central  Africa,  Tervuren,  Belgium 
(MRAC). 

TAXONOMY 

Heliophamis  ( Helafncamis ) jacksoni  new  species 
Figs.  U6 

Type  material. — Male  holotype,  KENYA:  Mbita  Point, 
shore  of  Lake  Victoria  (0°25'S,  34°13'E,  1150  m),  December 
2002,  leg.  R.  Jackson  (FSCA,  K 191/02);  3 male  and  2 female 
paratypes;  same  data  as  holotype,  (FSCA);  1 male  and  1 
female  paratypes:  same  data  as  holotype  (MRAC);  1 male  and 
5 female  paratypes;  same  locality,  December  1997  (FSCA); 
male  paratype:  same  locality,  tree  trunk,  January  2003 
(FSCA). 

Diagnosis. — This  species  is  closely  related  to  Helioplumus 
xanthopes  Wesolowska  2003  from  Ethiopia.  The  male  is 
distinguishable  by  the  blunt  patellar  apophysis  of  the  palp 
(pointed  in  H.  xanthopes),  more  curved  embolus  and  larger 
lobe  at  base  of  embolus  (compare  Fig.  1 herein  with  fig.  138 
in  Wesolowska  2003).  The  female  has  characteristic  weak- 
ly sclerotized  epigyne  with  translucent  atria  enveloping 
gonopores. 

Etymology. — This  species  is  named  after  Robert  Jackson, 
collector  of  the  type  material  and  expert  in  behavior  of 
salticids. 

Description. — Measurements  (male/feniale)  [in  mm].  Cephalo- 
thorax;  length  1.3-1. 6/1. 6-1. 8,  width  L0-L2/1.3-L4,  height  0.5- 
0.6/0.6.  Abdomen:  length  1.2-L5/2.5-3.L  width  0.9-1. 1/ 1.9-2. 1. 
Eye  field:  length  0.5-0. 6/0. 6-0. 7,  anterior  width  0.8-1. 0/1. 0-1.1, 
posterior  width  0.9-1.1/I.1-L2. 

Male.  Small,  dark  colored  spider.  Carapace  dark  brown,  eye 
field  trapezoid,  iridescent,  pitted.  Long  brown  bristles  near 
eyes,  minute  setae  on  thoracic  part.  Mouthparts  and  sternum 
brown.  Abdomen  oval,  dark  brown,  venter  brownish  gray. 
White  hairs  form  thin  median  light  line  extending  along 
thoracic  part  of  carapace  and  abdomen.  Legs  yellow, 
contrasting  with  dark  body,  bearing  brown  hairs  and  spines. 
Pedipalps  brown.  Patellar  apophysis  straight,  with  blunt  tip. 
Tibia  with  three  apophyses,  largest  of  them  hooked,  placed 
ventrally  at  distal  end  of  tibia;  two  others  very  short. 
Cymbium  with  small  retrolateral  depression  at  base,  corre- 
sponding to  longest  tibial  apophysis  (Figs.  1-4).  Embolus  bent 
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Figures  1-6. — Heliophanus  jacksoni  sp.  n.  1.  Palpal  organ,  ventral  aspect;  2.  Palpal  organ,  ventrolateral  aspect;  3.  Palpal  organ,  lateral  aspect; 
4.  Palpal  organ,  dorsal  aspect;  5.  Epigyne;  6.  Internal  structure  of  epigyne. 


toward  bulb,  bulb  with  large  rounded  lobe  near  base  of 
embolus  (Figs.  1,  2). 

Female.  Slightly  larger  and  lighter  colored  than  male. 
Carapace  oval,  brown,  eye  field  slightly  darker,  eyes  sur- 
rounded by  black  rings.  Some  long  bristles  near  eyes,  a few 
white  scales  at  eyes  of  first  row,  short  grayish  hairs  on 
carapace.  Chelicerae  light  brown,  sternum  darker,  endites  and 
labium  dark  yellow.  Abdomen  ovoid,  dark  brownish  with 
lighter  median  belt  composed  of  five  pairs  of  lighter  spots. 
Thin  light  band  on  anterior  margin  spreading  to  sides,  venter 
light,  tinged  with  gray  or  with  broad  dark  streak.  Spinnerets 
beige.  Legs  yellow,  sometimes  with  brownish  rings  on  both 
ends  of  segments.  Epigyne  weakly  sclerotized,  with  two  very 
shallow  round  depressions  (Fig.  5).  Gonopores  placed  in  deep, 
heavily  sclerotized,  inner  posterior  part  of  the  atria,  seminal 
ducts  short  (Fig.  6). 


Distribution. — Known  only  from  the  type  locality. 

Remarks. — This  species  belongs  to  the  crudeni  species  group 
(Wesolowska  1986). 

Icius  mbitaensis  new  species 
Figs.  7-13,  33 

Type  material. — Male  holotype,  KENYA:  Mbita  Point, 
shore  of  Lake  Victoria  (0°25'S,  34°13'E,  1150  m),  December 
1998,  leg.  R.  Jackson  (FSCA,  K 10/98):  1 male  and  7 female 
paratypes,  same  data  as  holotype  (FSCA);  female  paratype, 
same  locality,  February  1996  (FSCA);  4 female  paratypes, 
same  locality,  February  1998  (FSCA);  3 female  paratypes, 
same  locality,  January  1998  (FSCA);  male  paratype,  same 
locality,  May  2001  (FSCA);  2 male  paratypes,  same  locality, 
January  2003  (FSCA);  2 male  and  6 female  paratypes,  same 
locality,  January  2003  (MRAC). 
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Figures  7-13. — Icius  mhitaemis  sp.  n.  7.  Abdominal  pattern  of  male;  8.  Cheliceral  dentition  of  male;  9.  Palpal  organ,  ventral  aspect;  10.  Palpal 
organ,  lateral  aspect;  11.  Abdominal  pattern  of  female;  12.  Epigyne;  13.  Internal  structure  of  epigyne. 


Diagnosis. — This  species  is  closely  related  to  Idus  steeleae 
Logunov  2004.  The  male  differs  in  having  a shorter  tibial 
apophysis  of  palp  {in  the  latter  species  apophysis  is  extremely 
long,  equal  to  bulb  length),  smaller  cymbial  tutaculum  (ear- 
shaped apophysis),  and  longer,  curved  embolus  (compare 
Figs.  9,  10  with  Figs.  14,  15).  The  female  has  epigynai  pocket 
as  long  as  epigynai  depression  (clearly  shorter  in  I.  steeleae). 


longer  seminal  ducts,  and  longer  and  thinner  spermathecae 
(compare  Figs.  12,  13  with  Figs.  18-20). 

Etymology. — Named  after  the  type  locality. 

Description. — Measurements  (male/female).  Cephalothorax: 
length  2. 1-2. 2/2.0,  width  1.6/1. 6,  height  0.6/0. 6.  Abdomen: 
length  2312.2-2.1,  width  1.3/1. 4-1. 5.  Eye  field:  length  0.9/0.9, 
anterior  width  1.2/1. 2,  posterior  width  1.3/1. 3. 
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Male.  Small,  elongated  spider  with  flat  body  (Fig.  33). 
Carapace  oval,  flattened,  brown  with  slightly  darker  iridescent 
pitted  eye  field,  eyes  surrounded  with  black  area,  some  long  brown 
bristles  at  first  row  of  eyes.  Thoracic  part  of  carapace  clothed  in 
translucent  hairs,  white  hairs  form  thin  line  along  lateral  carapace 
margins.  Chelicerae  dark  brown,  unidentate  (Fig.  8).  Labium  and 
endites  dark  brown,  sternum  lighter.  Abdomen  ovoid,  brownish 
gray,  sometimes  with  light  lateral  streaks  extending  from  anterior 
edge  to  its  middle  and  with  traces  of  two  pairs  of  transverse 
patches  (Fig.  7).  Dorsal  surface  of  abdomen  covered  with  short 
translucent  hairs  and  brown  bristles.  Venter  light,  tinged  with 
gray.  Spinnerets  brownish.  Legs  yellow,  first  pair  brown,  longer 
and  stouter  than  others.  Pedipalps  brown,  their  femora  slightly 
swollen,  tibial  apophysis  wide  with  curved  pointed  tip,  bulb  oval, 
embolus  bent  toward  bulb  (Figs.  8,  9).  Cymbium  with  small 
retrolateral  tutaculum  at  base. 

Female.  Similar  to  male.  Carapace  covered  with  dense  short 
gray  hairs,  with  wide  white  streaks  along  lateral  margins 
extending  to  clypeus.  Abdomen  brown,  in  some  specimens 
reddish  brown  anteriorly,  sometimes  with  light  pattern 
composed  of  light  band  on  anterior  margin  extending  to 
sides,  large  median  patch  and  two  pairs  of  small  rounded  spots 
in  posterior  part  (Fig.  11).  First  leg  not  stouter  than  others. 
Epigyne  with  heart-shaped  depression  and  large  pockets  at 
epigastric  fold  to  either  side  of  depression  (Fig.  12).  Internal 
structure  as  in  Fig.  13,  spermathecae  very  long  and  thin. 

Distribution. — Known  only  from  the  type  locality. 

Natural  history. — The  species  (=  P.seiicliciu.s  sp.  2 in  Jackson 
1986)  lives  communally  in  large  interspecific  nest  aggregations 
within  the  web  complexes  of  araneids.  The  males  perform 
vibratory  courtship  at  nests  and  visual  courtship  away  from 
them.  They  cohabit  with  subadult  females  in  nests  and  mate 
with  them  when  they  are  mature  (Jackson  1986). 

Iciu.s  steeleae  Logunov  2004 
Figs.  14-20,  34 

Icius  steeleae  Logunov  2004:86. 

Material  examined. — UGANDA;  Entebbe  (0°04'N,  32°28'E), 
14  males,  27  females,  4 imm.,  January  1996,  leg.  R.  Jackson 
(FSCA);  same  data,  1 male,  1 female  (MRAC);  same  locality, 
February  1996,  5 males,  7 females,  2 imm.,  February  1996; 
Mweya,  E shore  of  Lake  Edward  (0°12'S,  29°52'E),  in  vegetation 
1 male,  2 females,  January  1996,  leg.  R.  Jackson  (FSCA). 

Diagnosis. — see  under  /.  mbitaensis. 

Redescription. — Measurements  (male/female).  Cephalotho- 
rax:  length  2. 0/1. 9,  width  1.4/1. 4,  height  0.6/0. 6.  Abdomen; 
length  2. 2/2.4,  width  1.2/1. 5.  Eye  field:  length  0.9/0. 9,  anterior 
width  Ll/1.2,  posterior  width  1.2/1. 3. 

Male.  General  appearance  as  in  Fig.  34.  Carapace  oval, 
flattened,  dark  brown,  eyes  surrounded  with  black  rings.  Eye 
field  with  metallic  luster,  pitted.  Short  translucent  and  grayish 
hairs  cover  carapace,  longer  brown  bristles  near  eyes,  thin  line 
formed  with  white  hairs  along  lateral  margins  of  carapace. 
Clypeus  not  expressed.  Anterior  median  eyes  fringed  with 
orange  fawn  scales.  Mouthparts  and  sternum  brown,  endites 
with  large  lateral  lobes.  Abdomen  oval,  yellowish  fawn,  venter 
light  with  two  thin  darker  lines.  Delicate  hairs  on  abdominal 
dorsum.  Spinnerets  light  brown.  First  pair  of  legs  slightly  longer 
and  thicker  than  others,  brown  with  lighter  distal  segments. 
Other  legs  yellow.  Spines  and  leg  hairs  brown.  Pedipalps  with 
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swollen  femur  (Fig.  16).  Tibial  apophysis  very  long  and  wide, 
cymbium  with  big  retrolateral  tutaculum  at  base  (Figs.  14,  15). 

Female.  Similar  to  male,  coloration  slightly  lighter.  White 
streaks  along  carapace  margins  broader.  Sternum  with  dark  patch 
in  center,  endites  with  whitish  chewing  margins.  Abdomen  yellow 
with  delicate  brownish  pattern  (Fig.  17).  Legs  yellow.  Some 
specimens  darker  colored,  with  whole  body  brown.  Epigyne 
strongly  sclerotized,  with  heart-shaped  central  depression  and 
clearly  visible  big  lateral  pockets  (Figs.  18,  19).  Internal  structure 
as  in  Fig.  20,  accessoi'y  glands  small,  spemiathecae  elongated. 

Distribution. — The  species  hitherto  known  only  from 
western  Sudan,  for  the  first  time  recorded  in  Uganda. 

Pseudkhis  athleta  new  species 
Figs.  21-26,  32 

Type  material. — Male  holotype,  UGANDA:  Entebbe  (0°04'N, 
32°28'E),  January  1996,  leg.  R.  Jackson  (FSCA,  U 196/96):  6 male 
and  4 female  paratypes  (FSCA);  4 male  and  1 female  paratypes, 
same  locality,  December  1997  (MRAC);  8 male  and  2 female 
paratypes,  KENYA:  Mbita  Point,  shore  of  Lake  Victoria  (0°25'S, 
34°13'E,  1150  m),  January  1998  leg.  R.  Jackson  (FSCA). 

Diagnosis. — The  male  is  distinguishable  by  having  a very  thick 
first  pair  of  legs  with  extremely  swollen  tibiae.  The  male  palpal 
organ  resembles  that  of  male  Pseuclicius  clelesserti  Caporiacco 
1941  from  Ethiopia,  but  differs  from  it  by  the  thinner,  more 
delicate  embolus  and  the  shape  of  tibial  apophysis,  which  has  an 
additional  proximal  tooth  (compare  Fig.  15  herein  with  figure  on 
p.  50  in  Proszyhski  1987).  The  female  is  distinctive,  in  having  a 
unique  fonn  of  epigyne  with  posteriorly  placed  copulatory 
openings  and  very  narrow  spermathecae. 

Etymology. — From  Latin,  athleta\  the  specific  name  is  a 
noun  in  apposition,  an  allusion  to  extremely  swollen 
(“muscular”)  tibia  of  the  first  leg. 

Description. — Measurements  (male/female).  Cephalothorax; 
length  1.8-2. 2/1. 9-2. 2,  width  1.3-1. 5/1. 3-1. 5,  height  0.6/0. 6. 
Abdomen:  length  2.4-2.8/2.2-2.8,  width  1.4-1. 7/1. 4-1. 8.  Eye 
field:  length  0.7-0. 8/0. 8-0. 9,  anterior  width  0.9-1 .0/0. 9-1.0, 
posterior  width  1 .0- 1 . 1 / 1 .0- 1 . 1 . 

Male.  Small  spider,  shape  of  body  typical  for  the  genus, 
slender  and  flat,  with  powerful  first  pair  of  legs  (Fig.  32). 
Carapace  elongated,  strongly  flattened,  dark  brown  with  black 
eye  field,  clothed  in  delicate  grayish  white  hairs,  very  long 
brown  bristles  near  eyes.  White  hairs  form  thin  median  line  on 
eye  field  and  thoracic  part,  and  bands  along  lateral  margins  of 
carapace.  Mouthparts  dark  brown,  sternum  slightly  lighter. 
Stridulatory  apparatus  present,  composed  of  a row  of  long 
setae  on  tubercles  under  lateral  eyes  and  a row  of  short  setae 
on  prolateral  surface  of  first  femur  apically.  Abdomen 
elongated,  dorsum  with  wide  brownish  fawn  median  streak, 
sides  light  with  two  or  three  pairs  of  diagonal  marginal  dark 
patches,  venter  yellow.  Brown  and  white  hairs  cover  dorsal 
surface  of  abdomen.  Spinnerets  gray.  First  pair  of  legs  longer 
than  others,  thick,  with  extremely  swollen  tibiae  (Fig.  21). 
Single  short  thick  spine  on  prolateral  surface  of  tibia  apically 
and  two  pairs  of  short  ventral  spines  on  metatarsus.  First  leg 
brown,  others  yellow  or  light  brownish.  Leg  hairs  brown, 
some  of  them  very  long.  Pedipalps  as  in  Figs  22,  23,  tibia 
short,  apophysis  furcated  with  additional  proximal  tooth. 

Female.  Similar  to  male.  Abdomen  lighter,  grayish  beige 
with  faint  darker  herring-bone  pattern  and  traces  of  three 
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Figures  14-20. — Icius  steeleae  Logunov.  14.  Palpal  organ,  ventral  aspect;  15.  Palpal  organ,  lateral  aspect;  16.  Palpal  femur;  17.  Abdominal 
pattern  of  female;  18,  19.  Epigyne;  20.  Internal  structure  of  epigyne. 


pairs  of  diagonal  marginal  patches,  pair  of  small  round  white 
spots  surrounded  by  black  flanges  posteriorly.  First  pair  of 
legs  not  as  thick  as  in  male,  but  their  tibiae  also  swollen. 
Epigyne  with  gonopores  placed  posteriorly  (Fig.  24),  seminal 
ducts  coiled,  accessory  glands  large,  spermathecae  narrow, 
tubuliform  (Fig.  25). 

Distribution. — Kenya  and  Uganda. 

Natural  history. — Courtship  and  sociality  of  this  species  has 
been  studied  by  Jackson  (1986);  the  species  was  provisionally 


detennined  only  to  generic  level  and  reported  as  Pseudicius  sp.  1 . Its 
social  and  mating  behavior  are  as  in  Icius  mhitaensis  (see  above). 

Remarks. — The  species  belongs  to  the  cinctus  group  of 
species  (Proszyhski  2003). 

Pseudicius  roberti  new  species 
Figs.  27-31,  35 

Type  material. — Male  holotype,  KENYA:  Mbita  Point,  E 
shore  of  Lake  Victoria,  (0°25'S,  34°13'E,  1150  m),  February 
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Figures  21-26. — Pseudicius  athkta  sp.  n.  21.  First  leg,  prolateral  aspect;  22.  Palpal  organ,  ventral  aspect;  23.  Palpal  organ,  lateral  aspect; 
24.  Epigyne;  25.  Internal  structure  of  epigyne;  26.  Diagrammatic  course  of  seminal  duct. 


I 1998,  leg.  R.  Jackson  (FSCA,  K8 15/98);  1 male  and  3 female 
paratypes,  same  data  as  holotype  (FSCA);  1 male  and  3 female 
I paratypes,  same  locality,  January  1998  (FSCA);  11  male  and 
I 13  female  paratypes,  same  locality,  December  1997  (FSCA); 

! 1 male  and  1 female  paratypes,  same  locality,  January  2003 

i (MRAC). 

Diagnosis. — The  male  of  this  species  resembles  the  male  of 
j Pseudicius  eximius  Wesolowska  & Russell-Smith  2000  from 
j Tanzania,  but  bulb  and  embolus  are  shorter,  base  of  embolus 
is  placed  further  from  posterior  lobe  of  bulb  (compare  Fig.  27 
herein  with  fig.  248  in  Wesolowska  & Russell-Smith  2000). 
The  female  has  epigyne  typical  for  members  of  the  tamaricis 


group  of  species,  but  seminal  ducts  are  narrower  and  shorter 
than  in  other  species. 

Etymology. — This  species  is  dedicated  to  Robert  Jackson, 
eminent  explorer  of  spider  behavior  and  collector  of  type 
specimens. 

Description. — Measurements  (male/female).  Cephalothorax: 
length  1.4-1. 5/1. 5-1. 6,  width  1.0-1. 1/1. 1-1.2,  height  0.4/0.4. 
Abdomen:  length  1.7-1. 8/1. 9-2.4,  width  1.1-1. 2/1. 2-1. 4.  Eye 
field:  length  0.6/0. 6,  anterior  width  0.8-0. 9/0. 8-0. 9,  posterior 
width  0.9-1. 0/0.9-1.0. 

Male.  Very  small,  slender  spider.  Body  elongated  and 
flattened.  Carapace  oval,  fiat,  dark  brown  with  black  eye  field. 
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Figures  27-31. — Pseudicius  roberti  sp.  n.  27.  Palpal  organ,  ventral  aspect;  28.  Palpal  organ,  lateral  aspect;  29.  Epigyne;  30.  Internal  structure 
of  epigyne;  31.  Diagrammatic  course  of  seminal  duct. 


Ocular  area  slightly  pitted,  with  luster.  White  hairs  cover 
carapace,  denser  on  eye  field  anteriorly,  also  form  thin  median 
line  on  thoracic  part  and  two  bands  along  lateral  margins  of 
carapace.  Anterior  eyes  surrounded  with  white  scales,  some 
brown  bristles  near  eyes.  Stridulatory  apparatus  present  (the 
leg-carapace  type).  Mouthparts  light  brown,  sternum  dark 
yellow.  Abdomen  elongated,  blackish  brown  with  white 
pattern  composed  of  two  pairs  of  transverse  submarginal 
patches  and  few  faint  posterior  chevrons,  in  some  specimens 
light  bands  on  sides  in  anterior  half  of  abdomen.  Abdominal 
dorsum  clothed  in  brown  hairs,  denser  anteriorly.  Venter  light. 
Spinnerets  light  brown.  Legs  yellow,  first  pair  stouter  and 
longer  than  other,  brown,  with  slightly  swollen  tibiae.  Tibia 


with  two  short  spines  on  prolateral  surface,  metatarsus  with 
two  pairs  of  ventral  spines.  Pedipalps  light  brown.  Tibial 
apophysis  very  long  (Figs.  27,  28). 

Female.  Similar  to  male.  Abdomen  with  additional  pair  of 
small  rounded  spots  at  posterior  margin  (Fig.  35),  in  some 
specimens  abdomen  dark,  without  patches,  only  with  two 
lighter  lateral  bands  in  anterior  part.  Epigyne  with  two 
anterior  widely  separated  pockets  (Fig.  29).  Internal  structure 
of  epigyne  as  in  Fig.  30,  seminal  ducts  coiled,  long  accessory 
glands  leading  into  the  ducts,  spermathecae  large,  elongated. 

Distribution. — Known  only  from  the  type  locality. 

Remarks. — The  species  is  members  of  the  tamaricis  group  of 
species  (Proszyhski  2003). 
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Figures  32-35. — 32.  Male  of  Pseudicius  athleta,  lateral  aspect;  33.  Male  of  Iciiis  mhilaensis,  lateral  aspect;  34.  Male  of  Iciiis  steelecie,  dorsal 
aspect;  35.  Female  of  Pseudicius  roberti,  dorsal  view. 
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Abstract.  The  chromosome  diploid  number  (2n)  and  the  sex  chromosome  system  in  males  of  five  species  belonging  to  the 
families  Gnaphosidae  and  Lycosidae  were  determined  as  2n  = 22  (20  + X1X2)  and  2n  = 28  (26  + X1X2),  respectively. 
Nomisia  conigera  (Spassky  1941),  Haplodrcissus  inorosiis  (O.  Pickard-Cambridge  1872)  and  Haplodrassus  dcdmatensis 
(L.  Koch  1866)  have  10  autosomal  bivalents  and  two  univalent  sex  chromosomes,  while  Pardosa  bifasciata  (C.L.  Koch 
1834)  and  Arctosa  cinerea  (Fabricius  1777)  have  13  autosomal  bivalents  and  two  univalent  sex  chromosomes  during  first 
meiotic  stages  of  prophase  I and  metaphase  I.  All  species  have  acrocentric  chromosomes  and  chiasmatic  meiosis. 

Keywords:  Karyotype,  meiosis,  sex  chromosome 


Cytogenetic  studies  of  the  families  Gnaphosidae  and  Lycosidae 
(Arachnida:  Araneae)  are  scarce.  From  the  over  4400  species  of 
gnaphosids  and  lycosids,  less  than  4%  have  been  cytogenetically 
analyzed  (Chemisquy  et  al.  2008;  Kumbajak  et  al.  2009).  The  diploid 
number  of  chromosomes  (2n)  in  males  range  from  21  to  30  in 
gnaphosids  and  12  to  30  in  lycosids  (Hackman  1948;  Suzuki  1954; 
Sharma  et  al.  1958;  Kageyama  et  al.  1978;  Srivasta  & Shukla  1986; 
Painter  1914;  Gorlov  et  al.  1995;  Akan  et  al.  2005;  Kumbiqak  et  al. 
2009).  Most  of  the  analyzed  species  have  only  telocentric  or  acrocentric 
chromosomes;  the  sex  chromosome  system  X1X2  d/  X1X1X2X2  ? occurs 
in  94%  of  lycosids  (Chemisquy  et  al.  2008)  and  99%  of  gnaphosids 
analyzed  thus  far.  This  paper  reports  the  first  results  on  the  karyotypes 
and  spermatogenesis  of  five  common  Turkish  spider  species  belonging 
to  the  families  Gnaphosidae  and  Lycosidae. 

METHODS 

Specimens  were  collected  in  March-June  2009  (Table  1)  and 
deposited  in  the  collection  of  Nev§ehir  University,  Science  & Art 
Faculty,  Biology  Department,  Turkey.  We  made  chromosome 
preparations  according  to  the  spreading  technique  described  by 
Traut  (1976)  with  some  modifications.  Gonads  were  dissected  out  in 
Ringer's  solution  and  transferred  to  a hypotonic  solution  (0.075  KCl) 
for  20  min.  We  placed  tissues  in  Carnoy  fixative  (ethanol:  cloroform: 
glacial  acetic  acid;  6;3: 1 ) for  35  min.  Afterwards,  they  were  macerated 
in  60%  acetic  acid  on  the  surface  of  glass  slide  (surface  temperature 
42°  C).  The  suspension  was  moved  by  pushing  it  with  a tungsten 
needle  and  stained  with  5%  Giemsa  solution  in  Sorensen  phosphate 
buffer  (pH  = 6.8)  for  30-55  min.  We  visualized  the  cells  under  a Soif 
XSZ-G  microscope  and  photographed  them  with  an  Olympus  DP  20- 
5E  Digital  Camera  by  DP2-BSW  programme.  For  karyotyping,  we 
evaluated  ten  spermatogonial  metaphases  and  calculated  relative 
chromosome  lengths  (RCL)  and  centromeric  indexes  (Cl).  Chromo- 
some classification  was  determined  according  to  Levan  et  al.  (1964). 

RESULTS 

Noniisici  conigera  (Spassky  1941) 

The  karyotype  of  N.  conigera  consists  of  22  chromosomes, 
including  the  two  X chromosomes  (Fig.  2a).  All  autosomal  pairs 
are  acrocentric  and  gradually  decrease  in  size  (Fig.  la).  In  mitotic 
metaphase,  the  length  of  autosome  pairs  ranges  from  5.38  to  10.15% 
(Table  2).  Spermatocytes  show  10  autosomal  bivalents  and  two 


univalent  sex  chromosomes  in  the  first  meiotic  division.  During  the 
leptotene  and  pachytene  stages  of  prophase  I,  X,  and  X2  were  tightly 
aligned  forming  a so-called  sex  vesicle  that  is  positively  heterpycnotic 
(Fig.  2b).  At  the  diplotene  stage  of  prophase  I,  diakinesis  and 
metaphase  I sex  chromosomes  were  isopycnotic  (Fig.  2c). 

Haplodrassus  niorosm  (O.  Pickard-Cambridge  1872) 

The  species  possesses  22  chromosomes,  including  two  X chromo- 
somes (Fig.  2d).  All  autosomal  pairs  and  sex  chromosomes  are 
acrocentric.  Autosomes  gradually  decreased  in  size  (Fig.  lb).  Relative 
chromosome  lengths  of  autosomal  pairs  are  between  5.99  to  11.47% 
(Table  2).  Relative  lengths  of  sex  chromosomes  Xi  and  X2  were  10.29 
and  8.61%,  respectively.  There  is  no  significant  difference  in  sex 
chromosomes  in  size  (Table  2).  During  the  leptotene  stage,  sex 
chromosomes  were  isopycnotic  (Fig.  2e).  At  metaphase  L there  were 
10  autosomal  bivalents  and  two  isopycnotic  univalents,  the  sex 
chromosomes  (Fig.  20- 

Haplodrassus  dcdmatensis  {L.  Koch  1866) 

The  spermatogonial  plates  consist  of  22  chromosomes  (Fig.  2g).  All 
autosomal  pairs  are  acrocentric.  Autosomes  gradually  decrease  in  size 
(Fig.  Ic).  Relative  lengths  of  autosomal  pairs  range  from  6.92  to 
10.28%  (Table  2).  The  karyotype  contains  two  sex  chromosomes,  Xi 
and  X2  (Fig.  Ic).  Relative  lengths  of  sex  chromosomes  X\  and  X2  are 
7.55  and  6.43%.  X2  is  the  shortest  chromosome  in  the  karyotype. 
During  the  first  meiotic  division,  sex  chromosomes  are  heavily  stained 
until  the  end  of  diakinesis  (Fig.  2h).  Two  types  of  anaphase  II  plates 
were  observed  with  10  or  12  chromosomes  (Fig.  2i). 

Pardosa  bifasciata  (C.L.  Koch  1834) 

The  male  karyotype  is  comprised  of  28  acrocentric  chromosomes, 
including  two  X chromosomes  (Fig.  2j).  Autosomes  gradually 
decrease  in  size  (Fig.  Id).  The  relative  length  of  first  autosomal  pair 
was  8.63  and  the  last  was  5.09%  (Table  2).  Relative  lengths  of  sex 
chromosomes  were  7.64  and  6.24%.  During  pachytene,  X|  and  X2 
were  tightly  aligned  forming  so-called  sex  vesicle  (Fig.  2k).  At 
diakinesis,  there  were  13  autosomal  bivalents,  two  positively 
heteropycnotic  univalents  the  sex  chromosomes  (Fig.  21). 

Arctosa  cinerea  (Fabricius  1777) 

The  karyotype  of  A.  cinerea  possessed  28  chromosomes,  including 
two  X chromosomes  (Fig.  2m).  All  autosomal  pairs  were  acrocentric 
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Table  1. — Karyotype  characteristics,  collecting  locality  and  geographical  coordinates  of  the  five  Gnaphosidae  and  Lycosidae  species 
cytogenetically  analyzed. 


Species 

2n  d 

n (3 

Sex/stage 

Locality  and  coordinates 

Gnaphosidae 

Nomisia  conigera 

22 

10  + XX 

3 3(1  subadult,  2 adults),  07  March  2009 

13  (1  adult),  22  March  2009 

7 3 (2  subadults,  5 adults)  28  March  2009,  04  April  2009 

Gaziantep/  Sakgagozii 
37°11'N,  36°58'E 
Kir§ehir/  Ciyekdag 
39°36'N,  34°24'E 
Gaziantep/  Nurdagi 
37°10'N,  36°44'E 

Haplodrassus  morosus 

22 

10  + XX 

4 3 (adults),  04  April  2009 

2 3 (adults),  04  April  2009 

3 3(1  subadult,  2 adults)  18  April  2009 

Gaziantep/  Islahiye 
37°01'N,  36°37'E 

Hatay/  Altinozii 

36°13'N,  36°09'E 
K.Mara§/  Pazarcik 
37°29'N,  37°17'E 

Haplodrassus  dalmatensis 

22 

10  + XX 

2 3(1  subadult,  1 adult)  14  March  2009 

3 3 (adult),  25  April  2009 

2 3 (2  adults),  02  May  2009 

Osmaniye/  Merkez 
37°03'N,  36°16'E 
Adiyaman/  Kahta 
37°48'N,  38°36'E 
Gaziantep/  Merkez 
37°06'N,  37°18'E 

Lycosidae 

Pardosa  hifasciata 

28 

13  + XX 

8 3 (2  subadults,  6 adults),  07  March  2009,  28 

March  2009,  04  April  2009 

13  (1  adult),  21  March  2009 

23  (2  adults),  1 1 April  2009 

23  (2  adults),  18  April  2009 

Gaziantep/  Nurdagi 
37°10'N,  36°42'E 
Kir^ehir/  Mucur 

39°04'N,  34°22'E 
Adiyaman  / Sincik 
38°03'N,  38°38'E 
Gaziantep/  Araban 
37°24'N,  37”41'E 

Arctosa  cinerea 

28 

13  + XX 

53  (1  subadult,  4 adults)  11  April  2009 

23  (2  adults),  11  April  2009 

Adiyaman/  Kahta 
37°46'N,  38°38'E 
Adiyaman/  Sincik 
38°02'N,  38°36'E 

and  gradually  decreased  in  size  (Fig.  le).  In  the  spermatogonial 
metaphase,  the  length  of  autosome  pairs  change  from  4.85  to  8.26%. 
Relative  lengths  of  sex  chromosomes  X]  and  X2  were  7.38  and  5.73%, 
respectively.  During  the  first  stages  of  prophase  I,  Xj  and  X2  were 
positively  heteropycnotic.  At  the  diplotene  stage,  we  observed  13 
autosomal  bivalents  and  two  univalents  (Fig.  2n).  Two  types  of 
anaphase  I plates  were  found  with  13  and  15  chromosomes  (Fig.  2o). 

DISCUSSION 

Cytogenetic  studies  on  the  majority  of  gnaphosid  and  lycosid 
spiders  reveal  similar  characteristics:  acrocentric  or  telocentric 
chromosomes,  sex  chromosome  system  in  male/female,  XiX2d/ 
X1X1X2X2?,  and  chiasmatic  meiosis.  Chromosomes  with  metacentric 
and  submetacentric  morphology  and  sex  chromosome  system  of  the 
type  X and  X1X2X3  in  males  are  uncommon  (Kumbi^ak  et  al.  2009). 

Until  now,  only  one  species  belonging  to  the  genus  Nomiski  has  been 
studied  cytogenetically.  N.  riparensis  (O.  Pickard-Cambridge  1872)  was 
shown  to  have  2n  = 22  in  males  and  2n  = 24  in  females  with  a X1X2 
type  of  sex  chromosome  system  (Table  3).  Male  N.  conigera  show  a 
diploid  chromosome  number  of  2n  = 22  and  a X1X2  type  of  sex 
determining  system.  Therefore,  our  results  are  similar  to  the  N. 
riparensis  previously  studied  (Table  3).  The  gnaphosid  N.  conigera  has 
significantly  different  relative  lengths  of  Xj  and  X2.  The  gnaphosid 
genera  Callilepis  (Westring  1874)  and  Drassodes  (Westring  1851) 
exhibited  dissimilar  characteristics  in  sex  chromosomes.  In  addition, 
sex  chromosomes  are  the  largest  elements  of  N.  conigera  but  not  of 
Callilepis  and  Drassodes  (Painter  1914;  Hackman  1948;  Suzuki  1954). 


The  2n  = 22,  X]X2,  acrocentric  chromosomes  were  also  described  by 
Hackman  (1948)  and  Gorlov  et  al.  (1997)  in  Haplodrassus  cognatus 
(Westring  1861)  and  Haplodrassus  signifer  (C.L.  Koch  1839),  respectively 
(Table  3).  Haplodrassus  morosus  and  H.  dalmatensis  have  the  same  diploid 
number  and  also  the  same  sex  chromosome  system.  This  result,  coupled 
with  existing  data,  supports  the  hypotheses  of  a relatively  conserved 
diploid  number  and  sex  chromosome  system  in  the  family  Gnaphosidae. 
Our  results  on  H.  morosus  and  H.  dalmatensis  reveal  that  there  is  no 
significant  difference  in  the  relative  length  of  X,  and  X2  (Table  2). 

Ten  species  of  Arctosa  (C.L.  Koch  1847)  have  been  studied  so  far. 
With  the  exception  of  the  results  by  Akan  et  al.  (2005),  the  diploid 
chromosome  number  is  2n  = 26  or  28  and  the  sex  chromosome  system  in 
males  is  a X1X2  type.  The  results  provided  by  Akan  et  al.  (2005)  for 
Arctosa perita  (Latreille  1 799)  were  problematic  and  the  reported  diploid 
chromosome  number  for  females  (2n  = 1 2)  was  improbable  as  the  lowest 
diploid  number  (Dolejs  2011).  The  diploid  chromosome  number  and  sex 
chromosome  system  was  detennined  as  2n  = 28  and  X1X2  for  Arctosa 
cinerea  (Fabricius  1777)  by  Dolejs  et  al.  (2011 ),  and  our  karyotype  results 
for  A.  cinerea  show  similar  characteristics  (Table  3).  Up  to  now,  25 
species  belonging  to  the  genus  Pardosa  (C.L.  Koch  1847)  have  been 
investigated  cytogenetically.  Most  of  them  have  2n  = 28  in  males  and 
2n  = 30  in  females,  but  Pardosa  basiri  (Dyal  1935)  was  found  to  have 
2n3  = 22,  Pardosa  leucopalpis  (Gravely  1924)  and  Pardosa  sumatrana 
(Thorell  1890)  2n3  = 24  and  Pardosa  oakleyi  (Gravely  1924)  2n$  = 26 
(Kumbi9ak  et  al.  2009).  Male  P.  hifasciata  shows  a diploid  chromosome 
number  of  2n  = 28.  Like  the  previously  studied  species  of  Pardosa,  the 
sex  chromosome  system  for  P.  hifasciata  is  a X1X2  type  (Table  3). 
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Figure  1. — Karyotypes  of  gnaphosid  and  lycosid  species  analyzed  in  this  study,  a.  Nomisia  conigera,  b.  Haplodrassns  morosus,  c.  Haplodrassus 
dalnuiteiisis.  d.  Pardosti  hifusciata,  e.  Arctosci  cincrea  (Bar  = 10  pm). 
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Figure  2. — Nomisici  conigera  a.  Spermatogonial  metaphase  2n  = 22.  b.  Pacytene  nucleus  with  positively  heteropycnotic  sex  chromosomes 
(arrows),  c.  Diplotene  with  13  autosomal  bivalents  and  two  sex  chromosomes  (arrows);  Haplodrassiis  morosus.  d.  Spermatogonial  metaphase 
2n  = 22.  e.  Leptotene  nucleus  with  isopycnotic  sex  chromosomes,  f.  First  meiotic  division  metaphase  plate  with  two  sex  chromosomes  (arrow); 
Haplodrassus  dalmatensis.  g.  Spermatogonial  metaphase  2n  = 22.  h.  Diplotene  with  10  autosomal  bivalents  and  two  univalent  sex  chromosomes 
(arrow),  i.  Second  meiotic  division  anaphase  plate  with  12  (a)  and  10  (b)  chromosomes;  Pardosa  hifasciatu.  j.  Spermatogonial  metaphase  2n  = 28. 
k.  Pacytene  nucleus  with  positively  heteropycnotic  sex  vesicle  (arrow).  1.  Diakinesis  with  13  autosomal  bivalents  and  two  sex  chromosomes 
(arrow);  Arctosa  cinerea.  m.  Spermatogonial  metaphase  2n  = 28.  n.  Diplotene  with  13  autosomal  bivalents  and  two  associated  sex  chromosomes 
(arrow),  o.  First  meiotic  division  anaphase  plate  with  two  sex  chromosomes  (arrow).  (Bar  = 10  pm). 
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Table  2. — Relative  length 
spermatogonial  metaphases. 

of  particular  chromosome  pairs 

(RCL)  and 

centromeric 

indexes  (Cl) 

of  species 

studied. 

Based  on 

Pair  No 

Noniisia  conigerci 

Haplodrcissiis 

morosus 

Haplodrcissiis  dalnuitensis 

Pardosa  hifasciata 

Arctosa  cinerea 

RCL 

Cl 

RCL 

Cl 

RCL 

Cl 

RCL 

Cl 

RCL 

Cl 

1 

10.15 

10.49 

11.47 

13.80 

10.28 

8.09 

8.63 

7.39 

8.26 

7.72 

2 

10.12 

8.63 

9.06 

12.05 

9.65 

7.42 

7.82 

7.35 

7.75 

7.02 

3 

8.50 

7.53 

8.61 

7.28 

9.64 

9.71 

7.39 

13.02 

7.46 

12.00 

4 

8.34 

9.12 

8.46 

8.29 

9.33 

7.38 

7.30 

7.48 

7.35 

18.00 

5 

7.99 

9.43 

8.14 

7.71 

8.37 

10.81 

6.92 

9.71 

7.26 

8.50 

6 

7.94 

19.33 

7.99 

7.73 

8.36 

7.64 

6.91 

20.87 

7.16 

11.66 

7 

6.53 

9.76 

7.84 

9.65 

8.36 

17.05 

6.86 

9.4 

6.76 

13.46 

8 

6.03 

9.17 

7.23 

8.40 

7.72 

8.67 

6.66 

9.74 

6.57 

7.96 

9 

5.77 

12.75 

6.31 

9.25 

7.39 

8.50 

6.54 

18.11 

6.50 

22.86 

10 

5.38 

10.62 

5.99 

12.00 

6.92 

9.43 

5.41 

7.2 

5.93 

7.51 

11 

5.31 

18.19 

5.84 

22.57 

12 

5.28 

13.81 

5.20 

10.63 

13 

5.09 

13.88 

4.85 

20.78 

X, 

13.01 

8.01 

10.29 

10.16 

7.55 

8.4 

7.64 

10.6 

7.38 

13.03 

Table  3. — List  of  karyotyped  species  of  the  genera  Pardosa  and  Arctosa  (Lycosidae)  and  genera  Noiiiisia  and  Haplodrcissiis  (Gnaphosidae). . 
Abbreviations:  NMC:  Number  and  morphology  of  chromosomes  in  male,  SCS:  Sex  chromosome  system,  a:  acrocentric. 

Family/Species 

NMC 

SCS 

References 

Lycosidae 

Arctosa  alpigeita  (Doleschall  1852) 

26;  a 

X,X2 

Hackman  1948 

Arctosa  leopardiis  (Sundevall  1833) 

26;  a 

X,X2 

Hackman  1948 

Arctosa  sp. 

28;  a 

x,x. 

Mittal  1960,  1963 

Arctosa  imilimi  (Dyal  1935) 

28;  a 

x,x. 

Sharma  et  al.  1958 

Arctosa  alpigeiui  laniperti  (Dahl  1908) 

28;  a 

X,X2 

Dolejs  et  al.  201 1 

Arctosa  cinerea  (Fabricius  1777) 

28;  a 

x,x. 

Dolejs  et  al.  2011 

Arctosa  figiirata  (Simon  1876) 

28;  a 

x,x. 

Dolejs  et  al.  201 1 

Arctosa  niacidata  (Hahn  1822) 

28;  a 

X,X2 

Dolejs  et  al.  201 1 

Arctosa  perita  (Latreille  1799) 

28;  a 

X,X2 

Dolejs  et  al.  201 1 

Arctosa  renidescens  Buchar  &Thaler  1995 

28;  a 

x,x. 

Dolejs  et  al.  201 1 

Pardosa  agrestis  (Westring  1861) 

28;  a 

x,x. 

Gorlov  et  al.  1995 

Pardosa  agricola  (Thorell  1856) 

28;  a 

X,X2 

Hackman  1948 

Pardosa  aiueiitata  (Clerck  1757) 

28;  a 

x,x. 

Hackman  1948 

Pardosa  astrigera  (L.  Koch  1878) 

28;  a 

x,x. 

Suzuki  1954 

Pardosa  basiri  (Dyal  1935) 

22;  a 

X,X2 

Mittal  1960,  1963 

Pardosa  hirnianica  Simon  1884 

28;  a 

X,X2 

Bole-Gowda  1958 

Pardosa  fletclieri  (Gravely  1924) 

28;  a 

X,X2 

Srivastava  & Shukla  1986 

Pardosa  kihorensis  Dyal  1935 

28;  a 

X|X2 

Sharma  et  al.  1958 

Pardosa  laiira  Karsch  1879 

28;  a 

XiX2 

Kageyama  et  all 978 

Pardosa  leiicopalpis  Gravely  1924 

28;  a 

X,X2 

Bole-Gowda  1958 

Pardosa  leiicopalpis  Gravely  1 924 

24;  a 

X,X2 

Srivastava  & Shukla  1986 

Pardosa  liigiibris  (Walckenaer  1802) 

28;  a 

X,X2 

Gorlov  et  al.  1995 

Pardosa  nionticola  (Clerck  1757) 

28;  a 

X1X2 

Hackman  1948 

Pardosa  oakleyi  Gravely  1 924 

26;  a 

X,X2 

Srivastava  & Shukla  1986 

Pardosa  paliistris  (Linnaeus  1758) 

28;  a 

X,X2 

Hackman  1948 

Pardosa  pseiidoaimidata  (Bosenberg  & Strand  1906) 

28;  a 

XIX2 

Suzuki  1954 

Pardosa  pidlata  (Clerck  1757) 

28;  a 

X1X2 

Hackman  1948 

Pardosa  siimatrana  (Thorell  1890) 

24;  a 

X1X2 

Sharma  1961 

Pardosa  pliiinipes  (Thorell  1875) 

28;  a 

XIX2 

Gorlov  et  al.  1995 

Pardosa  alacris  (C.L.  Koch  1833) 

28;  a 

X,X2 

Kumbigak  et  al.  2009 

Pardosa  saltans  (Topfer- Holman  2000) 

28;  a 

x.x. 

Kumbi^ak  et  al.  2009 

Pardosa  sp.  1 

28;  a 

X,X2 

Bole-Gowda  1953,  1958 

Pardosa  sp.  2 

28;  a 

X,X2 

Sharma  and  Gupta  1956 

Pardosa  sp.  3 

28;  a 

XIX2 

Mittal  1960 

Gnaphosidae 

Noniisia  ripariensis  (0.  Pickard-Cambridge  1872) 

22;  a 

X1X2 

Gorlova  et  al.  1997 

Haplodrcissiis  cogncitiis  (Westring  1861) 

22;  a 

X|X, 

Hackman  1948 

Haplodrcissiis  signifer  (C.L.  Koch  1839) 

22;  a 

X,X, 

Gorlova  et  al.  1997 
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SHORT  COMMUNICATION 

Egg  hiding  in  four  harvestman  species  from  Uruguay  (Opiliones:  Gonyleptidae) 

Estefania  Stanley:  Laboratorio  de  Etologia,  Ecologi'a  y Evolucion,  Institute  de  Investigaciones  Biologicas  Clemente 
Estable,  Avenida  Italia  3318,  CP  11600,  Montevideo,  Uruguay.  E-mail:  estefaniastanley@gmail.com 

Abstract.  I describe  oviposition  sites  and  egg-hiding  for  four  species  of  the  family  Gonyleptidae:  Parampheres 
bimaculatus,  Parampheres  ronae  (Gonyleptinae),  Discocyrtus  prospicims,  and  Pachyloides  tliorellii  (Pachylinae).  Females  of 
P.  bimaculatus  bury  single  eggs  on  the  ground;  the  first  record  of  this  behavior  among  gonyleptids.  Females  of  the  other 
three  species  lay  their  eggs,  singly  or  in  clusters,  on  tree  trunks  or  rock  fissures.  1 found  the  eggs  of  P.  ronae  and  D. 
prospicims  covered  with  debris,  whereas  eggs  of  P.  tliorellii  were  not.  Females  of  D.  prospicims  and  P.  tliorellii  lay  their  eggs 
over  an  extended  period  of  time.  At  least  for  hemipterans,  covering  the  eggs  with  debris  works  as  a way  to  camoufiage  or 
prevent  egg  dehydration.  I hypothesize  that  for  the  species  used  in  this  study,  to  spread  isolated  eggs  in  time  and  space  may 
also  protect  them  against  predators  and  parasites. 

Keywords;  Discocyrtus,  Parampheres,  Pachyloides,  egg  burying,  oviposition,  parental  care 


Many  cases  of  post-ovipositional  maternal  care  and  post-oviposi- 
tional  paternal  care  have  been  described  for  representatives  of  the 
Neotropical  Gonyleptidae  in  the  last  two  decades  (Machado  & 
Macias-Ordonez  2007).  Although  egg-hiding  is  regarded  as  the  most 
common  form  of  parental  care  in  the  family  (Machado  & Raimundo 
2001),  there  are  few  descriptions  of  this  behavior  in  the  arachnological 
literature.  In  this  study,  I describe  oviposition  sites  and  egg-hiding  for 
four  species  of  the  family  Gonyleptidae  without  post-ovipositional 
parental  care.  Reproductive  behavior  of  two  species,  Parampheres 
bimaculatus  (Mello-Leitao  1932)  and  P.  ronae  (Mello-Leitao  1927) 
(Gonyleptinae),  previously  undescribed,  and  reproductive  behavior  of 
the  remaining  two,  Discocyrtus  prospicims  (Holmberg  1876)  and 
Pachyloides  thorellii  (Holmberg  1878)  (Pachylinae),  has  only  been 
briefly  mentioned  by  Canals  (1936). 

All  species  were  collected  during  February  2009.  Parampheres 
bimaculatus,  D.  prospicims,  and  P.  thorellii  were  collected  in  two 
localities,  Marindia  (34°46'S,  55°49'W)  and  Piedras  de  Afilar 
(34°45'S,  55°33'W),  both  in  the  Department  of  Canelones;  P.  ronae 
was  collected  in  Cerro  Verde  (33°56'S,  56°30'W)  in  the  Department  of 
Rocha,  eastern  Uruguay.  I found  the  individuals  during  daylight, 
under  rocks  and  rotten  trunks  located  in  grassland  landscapes.  I 
placed  collected  animals  in  four  different  terraria  (40  X 20  cm  base, 
20  cm  height),  one  for  each  species  (13  P.  bimaculatus  (9  female,  4 
male),  12  P.  ronae  (9  female,  3 male),  15  D.  prospicims  (10  female,  5 
male),  and  17  P.  thorellii  (10  female,  7 male)).  All  terraria  contained 
sand  and  soil  as  substrate,  cotton  embedded  with  water  as  a water 
source,  and  rocks  and  pieces  of  wood  to  provide  a variety  of  refuges 
for  the  individuals.  All  the  individuals  were  fed  pieces  of  larvae  of 
Tenebrio  mollitor  (Coleoptera,  Tenebrionidae),  dead  adults  of  Aclieta 
domesticus  (Orthoptera,  Gryllidae),  apple  and  cucumber,  once  a 
week.  Behavioral  data  were  based  on  daily  opportunistic  observations 
made  during  the  afternoon  (15:00-18:00  h)  in  June  2009  at  room 
temperature  (15.0  ± 1.6°  C,  mean  ± SD)  under  natural  light.  Voucher 
specimens  were  housed  in  the  Coleccion  Entomologica  of  the 
Facultad  de  Ciencias,  Montevideo,  Uruguay. 

I observed  one  P.  bimaculatus  female  oviposit  three  times  on  the 
same  day.  First,  the  female  walked  around  touching  the  substrate 
with  the  tarsus  of  her  first  pair  of  legs  and  stopped  at  an  isolated 
place.  Standing  on  that  place,  she  repeatedly  touched  a point  in  the 
substrate  with  the  dorsal  part  of  the  tarsi  of  the  first  pair  of  legs,  and 
occasionally  with  the  same  part  of  the  metatarsi  of  the  same  pair  of 
legs.  Through  these  movements  with  the  first  pair  of  legs,  which  lasted 
~ 4 min,  the  female  dug  a small  hole  on  the  ground  (ca  0.5  cm  diam.). 


Next,  she  remained  quiescent  for  approximately  5 min,  and  then 
everted  her  ovipositor.  In  this  position,  the  female  touched  the 
ovipositor  using  the  first  pair  of  legs  for  nearly  3 min  before  laying  an 
egg  inside  the  hole  in  the  ground.  Finally,  remaining  still  on  that 
place,  the  female  used  her  first  pair  of  legs  to  drag  little  pieces  of  wood 
and  other  particles  of  the  substrate  towards  the  egg  until  it  was 
completely  buried  (this  behavior  lasted  ~ 7 min),  and  then  she 
abandoned  the  oviposition  site.  This  same  female  walked  around  for 
nearly  5 min  and  resumed  the  same  behavioral  sequence  described 
above,  which  ended  with  another  egg  buried  in  the  ground  5 cm  from 
the  first  egg.  Five  minutes  later,  a third  egg  was  laid  5 cm  from  the 
second  one  and  the  oviposition  behavior  followed  the  same  general 
pattern  described  for  the  first  egg.  The  female  did  not  coat  any  of  the 
eggs  with  mucus.  I recorded  one  egg  cannibalism  event  in  this  species: 
an  adult  male  dug  up  and  ate  one  of  the  eggs  laid  earlier  that  day. 

During  the  observation  periods,  two  P.  ronae  females  laid  one  egg 
each  inside  fissures  of  a piece  of  wood.  Both  observations  started 
when  1 noticed  the  females  with  the  everted  ovipositor  having  an  egg 
on  its  apex.  Ovipositing  females  remained  in  this  position  for  ~ 3 min 
and  then  lowered  the  anterior  region  of  the  body,  depositing  the  egg 
inside  the  fissure.  In  the  sequence,  females  retracted  the  ovipositor 
and  used  mostly  the  second  (but  also  the  first  pair  of  legs)  to  cover  the 
eggs  with  debris,  such  as  sand  grains  and  particles  of  dust,  wood,  or 
soil.  During  the  egg-covering  process,  females  scraped  the  substrate 
around  the  fissure,  picked  up  debris,  and  gently  attached  particles  to 
the  egg  surface.  They  did  not  coat  the  egg  with  mucus,  as  described 
for  other  gonyleptid  species  (Machado  et  al.  2004).  Once  each  female 
covered  the  egg  completely,  she  left  the  oviposition  site.  In  addition  to 
these  two  oviposition  events  for  this  species,  1 found  in  the  terraria 
both  isolated  eggs  (n  = 8)  and  small  clusters  {n  = 2)  of  up  to  six  eggs 
on  pieces  of  wood,  all  of  them  covered  with  debris. 

For  D.  prospicims  (n  = 6)  and  P.  thorellii  (/;  = 30),  I did  not  observe 
oviposition  behavior,  but  I found  eggs  inside  the  terraria.  No  D. 
prospicims  egg  was  coated  with  mucus,  but  I found  all  of  them 
covered  with  debris.  I located  five  individual  eggs  each  inside  rock 
fissures  and  one  small  cluster  of  five  eggs  spaced  out  by  0 1 cm  on  the 
bottom  of  a piece  of  wood.  Females  of  P.  thorellii  always  laid  isolated 
eggs  on  the  wet  cotton  wool  (n  = 20),  inside  fissures  in  pieces  of  wood 
(n  = 7),  or  under  rocks  (n  = 3).  In  contrast  to  Canals’s  (1936) 
observations,  I never  found  eggs  of  this  species  covered  with  debris. 

Egg-burying  described  for  P.  bimaculatus  females  probably 
represents  the  first  record  of  this  behavior  in  the  family  Gonyleptidae. 
Although  eggs  buried  in  the  ground  are  more  likely  to  be  protected 
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from  predators  than  eggs  laid  on  exposed  surfaces,  a cannibalism 
event  by  an  adult  male  was  registered.  Observations  in  nature  are 
necessary  to  confirm  this  behavior  as  it  is  based  in  only  one  event. 

The  oviposition  behavior  I describe  for  P.  rcmae  is  similar  to  other 
Gonyleptinae  species  that  do  not  engage  in  parental  care,  such  as 
Mischonyx  cuspidatiis,  the  females  of  which  lay  isolated  eggs  on  the 
soil  and  under  fallen  trunks  {Pereira  et  al.  2004).  To  cover  the  eggs 
with  debris,  however,  seems  to  be  a widespread  behavior  within  this 
subfamily  because  it  is  observed  even  in  species  with  post- 
ovipositional  paternal  care,  such  as  Gonyleptes  saprophilus  and 
Neosadocus  sp.  (Machado  et  al.  2004). 

Among  the  subfamily  Pachylinae,  which  comprises  nearly  400 
species  (Kury  2003),  there  are  records  of  post-ovipositional  maternal 
care  and  egg-hiding.  Post-ovipositional  maternal  care  in  the  group  is 
always  associated  with  clustered  oviposition,  whereas  egg-hiding  is 
always  associated  with  oviposition  of  isolated  eggs  (Machado  & 
Raimundo  2001).  Independent  of  the  form  of  parental  care,  most 
pachyline  species  cover  the  eggs  with  debris,  which  is  generally 
interpreted  as  a way  to  camoufiage  or  prevent  egg  dehydration 
(Willemart  2001;  Elpino-Campos  et  al.  2001).  However,  as  described 
in  this  study,  P.  thorcdlii  does  not  cover  the  eggs.  This  species  inhabits 
extremely  humid  places  where  there  almost  no  light  or  air  currents 
exist;  such  habitat  conditions  are  different  from  those  of  the  other 
species  studied  here.  Therefore,  future  studies  should  focus  on 
evaluating  these  differences  in  order  to  find  the  possible  cause  of  P. 
tliorelliis's  unique  behavior  among  members  of  its  subfamily. 

At  least  for  hemipterans,  the  act  of  hiding  eggs  by  depositing  them 
either  at  varying  times  or  in  different  locations  is  probably  as  efficient 
as  post  ovipositional  maternal  care  in  ensuring  that  the  eggs  are 
protected  against  predators  and  parasites  (Tallamy  & Schaefer  1997). 
Since  individuals  of  both  D.  prospicims  and  P.  thorellii  can  be  found 
living  syntopically  with  individuals  of  Acarithopachylus  acideafus,  the 
females  of  which  exhibit  post-ovipositional  maternal  care  (Capocasale 
& Bruno-Trezza  1964;  Toscano-Gadea  2008),  it  would  be  interesting 
to  compare  offspring  survival  in  these  species  to  test  the  efficiency  of 
different  forms  of  parental  care  in  harvestmen. 

I thank  Carlos  A.  Toscano-Gadea  for  helping  me  take  care  of  the 
individuals,  for  the  constant  support,  and  for  the  useful  comments 
and  suggestions  on  this  work.  I would  also  like  to  thank  Anita 
Aisenberg  for  critically  reading  the  manuscript.  Finally,  I would  like 
to  thank  both  reviewers  whose  comments  significantly  improved  this 
work. 
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SHORT  COMMUNICATION 

Paternal  care  in  a Neotropical  harvestman  (Opiliones:  Cosmetidae)  from  Costa  Rica 

Daniel  N.  Proud:  Department  of  Biology,  University  of  Louisiana  at  Lafayette,  Lafayette,  Louisiana  70504-2451  USA 
Carlos  Viquez:  INBio,  Apdo.  22-3100,  Santo  Domingo,  Heredia,  Costa  Rica 

Victor  R.  Townsend,  Jr.':  Department  of  Biology,  Virginia  Wesleyan  College,  1584  Wesleyan  Drive,  Norfolk,  Virginia 
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Abstract.  Although  relatively  rare  among  harvestmen  in  the  superfamily  Gonyleptoidea,  paternal  care  has  been  observed 
in  the  families  Manaosbiidae  and  Gonyleptidae,  but  not  previously  in  the  Cosmetidae.  In  this  study,  we  describe  multiple 
observations  of  egg  guarding  by  adult  males  of  an  undescribed  species  of  cosmetid  harvestman  from  Volcan  Cacao, 
Guanacaste  Province,  Costa  Rica.  Observations  were  made  from  26-28  July  2010,  during  the  wet  season.  In  this  species, 
males  only  guard  eggs  after  dusk,  leaving  eggs  unattended  during  the  day.  Based  upon  differences  in  color  and  size,  males 
guarded  eggs  through  several  stages  of  development.  When  guarding,  males  contacted  the  first  two  pairs  of  legs  with  the 
eggs.  Oviposition  sites  consisted  of  the  undersides  of  leaves  of  small  plants,  with  eggs  closely  packed  together  in  a single 
layer  covered  by  abundant,  transparent  mucus.  The  largest,  darkest  eggs  were  located  near  the  distal  tip  of  the  leaf 

Keywords:  Behavioral  ecology.  Central  America,  egg  guarding,  polyandry,  reproduction 


In  this  study,  we  describe  multiple  observations  of  egg  guarding  by 
adult  males  of  an  undescribed  species  of  cosmetid  harvestman  in 
Central  America.  Among  Neotropical  harvestmen  of  the  suborder 
Laniatores,  parental  care  may  take  several  forms  including  the 
guarding  of  nymphs  and  the  burying,  hiding,  carrying,  or  guarding  of 
eggs  (Machado  & Raimundo  2001)  and  is  performed  by  the  adult 
female  or  male  (Machado  & Macias-Ordonez  2007).  Maternal  care, 
though  generally  more  common,  is  restricted  to  the  Gonyleptoidea, 
including  species  in  the  families  Cosmetidae  (Goodnight  & Good- 
night 1976),  Cranaidae  (Machado  & Warfel  2006;  Hunter  et  al.  2007), 
Gonyleptidae  (Machado  & Raimundo  2001)  and  Stygnopsidae 
(Mitchell  1971).  In  contrast,  exclusive  paternal  care  is  relatively  rare 
and  is  known  to  occur  in  species  from  the  families  Assamiidae 
(Martens  1993),  Gonyleptidae  (Hara  et  al.  2003;  Machado  et  al. 
2004),  Manaosbiidae  (Rodriguez  & Guerrero  1976;  Mora  1990), 
Podoctidae  (Martens  1993)  and  Triaenonychidae  (Forster  1954,  but 
see  Machado  2007).  True  biparental  care  of  eggs  or  nymphs  has  not 
been  conclusively  demonstrated.  However,  in  Goniosoma  longipes 
(Gonyleptidae),  males  will  assume  parental  care  if  the  guarding 
female  is  removed  (Machado  & Oliveira  1998). 

In  general,  there  are  considerable,  consistent  differences  between 
the  sexes  with  respect  to  egg  guarding  behavior.  In  the  field,  maternal 
care  is  essential  for  preventing  egg  predation  by  insects,  including  ants 
(Machado  & Oliveira  2002)  and  crickets  (Machado  & Oliveira  1998). 
In  the  manaosbiid  harvestman  Zygopachylus  alhomarginis,  adult 
males  effectively  protect  eggs  against  fungal  growth  and  cannibalism 
by  conspecifics  (Mora  1990).  The  guarding  of  eggs  by  male 
harvestmen  may  also  attract  females,  enabling  these  individuals  to 
mate  more  frequently  than  conspecifics  that  are  not  associated  with 
eggs  (Nazareth  & Machado  2010).  In  species  with  maternal  care, 
females  generally  only  guard  eggs  of  the  same  age  (same  stage  of 
development),  and  the  eggs  are  guarded  continuously  (Machado  & 
Macias-Ordonez  2007).  In  contrast,  males  often  guard  eggs  of 
different  ages  (multiple  stages  of  development)  and  may  regularly 
leave  the  eggs  to  undertake  other  activities,  such  as  foraging  (Hara 
et  al.  2003;  Machado  et  al.  2004). 

' Corresponding  author.  Email:  vtownsend@vwc.edu 


We  observed  cosmetid  harvestmen  in  the  field  from  26-28  July  2010 
at  Cacao  Field  Station  (10°55'15.79''N,  85°28'3.53"W,  elev.  1049  m) 
on  the  southwestern  slope  of  Guanacaste  National  Park,  Guanacaste 
Province.  Costa  Rica.  The  forested  habitat  in  this  area  features  a 
canopy  height  of  approximately  20  m with  an  understory  composed 
of  small  plants,  generally  less  than  0.5  m in  total  height.  During 
evening  observations  (2100-2300  h),  air  temperature  was  approxi- 
mately 20-21°  C and  relative  humidity  was  nearly  99%,  with  little  to 
no  wind  or  rain. 

Over  the  three-day  period,  we  observed  four  instances  of  paternal 
care.  Egg  batches  (A,  B,  C and  D)  were  observed  for  15-min  periods 
each,  at  approximately  12  and  24  h increments  following  their 
discovery.  All  eggs  were  covered  in  a thick,  transparent  mucus  coat 
(Fig.  lA,  B).  Egg  batches  A,  C and  D occurred  on  the  underside  of 
leaves  of  the  same  species  of  small  unidentified  plant  (Sapotaceae), 
while  egg  batch  B (Fig.  IB)  was  on  the  underside  of  a leaf  of 
Symphonici  glohiilifera  (Clusiaceae).  On  26  July  2010  at  2100  h,  we 
located  egg  batches  A and  B on  the  underside  of  leaves  from  plants 
that  were  30  cm  tall.  The  plants  were  no  more  than  2 m apart  and 
the  eggs  and  guarding  males  were  on  the  undersides  of  leaves, 
approximately  10  cm  above  the  ground  (Fig.  lA).  When  initially 
disturbed,  the  adult  males  actively  waved  legs  I and  II  over  the  eggs 
and  occasionally  touched  them,  most  frequently  with  leg  I.  Egg  batch 
A contained  39  eggs  at  two  different  stages  of  development  (based  on 
egg  color  and  size).  Egg  batch  B had  approximately  150  eggs 
representing  at  least  two  different  stages  of  development.  We 
photographed  the  egg  batches  and  marked  their  location  with 
flagging.  At  0800  h the  following  day,  we  relocated  the  unattended 
egg  batches.  We  briefly  searched  the  surrounding  leaf  litter  and 
adjacent  plants,  but  did  not  find  either  male.  Later  that  evening  (27 
July)  at  2100  h,  we  returned  and  found  that  both  males  had  resumed 
guarding  their  eggs.  We  observed  the  males,  collected  the  leaf 
containing  the  eggs  and  male,  placed  them  into  the  same  container 
and  monitored  them  for  72  h.  Males  continued  guarding  eggs,  but  no 
hatching  occurred  over  this  interval,  so  we  preserved  the  eggs  and  the 
males  in  70%  ethanol. 

During  the  evening  of  27  July,  we  discovered  two  additional  egg 
batches,  approximately  10  m from  the  first  two  batches.  Egg  batch  C 
was  5 cm  above  the  ground  on  the  underside  of  a leaf  and  contained 
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Figure  I,  -Paternal  care  by  an  undescribed  species  of  cosmetid 
harvestman.  A.  Male  guarding  an  egg  batch  on  the  underside  of  a leaf 
(Sapotaceae)  that  is  approximately  10  cm  above  the  litter.  B.  Egg 
batch  with  eggs  at  two  developmental  stages  on  the  distal  tip  of  leaf  of 
Syniphonia  glolnilifera  (Clusiaceae).  The  eggs  are  covered  in  a thick 
mucus  coat,  and  those  closest  to  the  leaf  margin  are  darker  and  seem 
to  have  been  laid  first. 


17  eggs  at  two  different  stages  of  development.  When  disturbed,  the 
guarding  male  actively  waved  legs  I and  II  over  the  eggs.  Egg  batch 
D was  approximately  4 m away  from  batch  C and  was  10  cm  above 
the  ground.  This  batch  had  57  eggs  at  two  different  stages  of 
development.  We  observed  and  photographed  the  batches  and 
marked  their  locations  with  flagging.  At  0800  h on  the  following 
day,  we  returned  and  found  the  eggs  unguarded.  We  did  not  collect 
these  eggs. 

Our  natural  history  observations  offer  new  and  important  insights 
into  the  reproductive  biology  of  Laniatores  harvestmen  and  the 
evolution  of  paternal  care.  The  ovipositional  pattern  and  paternal 
care  that  we  observed  has  previously  only  been  reported  for  species 
from  the  sister  subfamilies  Caelopyginae  and  Progonyleptoidellinae 
of  the  Gonyleptidae  (Machado  et  al.  2004).  In  these  gonyleptid 
harvestmen,  eggs  are  1 ) deposited  on  the  undersurface  of  leaves;  2) 
laid  from  the  apex  to  the  base  of  the  leaf;  3)  covered  in  a thick  mucus 
coat  and  4)  guarded  by  males  during  postzygotic  development. 
Cosmetid  harvestmen  are  not  phylogenetically  closely  related  to  this 
group;  thus,  our  observations  represent  the  first  report  of  a new, 
independent  event  in  the  evolution  of  paternal  care  in  harvestmen. 


In  several  gonyleptid  harvestmen  that  exhibit  paternal  care,  sexual 
dimorphism  with  respect  to  body  size  and  the  armature  of  leg  IV  is 
generally  reduced  (Kury  & Pinto-da-Rocha  1997;  Pinto-da-Rocha 
2002).  However,  in  other  species  with  paternal  care,  strong  sexual 
dimorphism  is  associated  with  defense  by  the  male  of  a specific  and 
scarce  resource,  such  as  a tree  hole  (Machado  et  al.  2004;  Nazareth  & 
Machado  2009).  In  the  cosmetid  species  that  we  examined  there  was 
little  sexual  dimorphism  with  respect  to  body  size  or  the  armature  of 
leg  IV.  However,  this  species  is  unique  among  the  133  formally 
described  cosmetid  species  from  Central  America  (Townsend  et  al. 
2010),  because  males  only  have  four  tarsomeres  on  leg  1,  whereas 
females  have  five.  In  addition,  the  two  most  basal  tarsal  segments  on 
leg  I are  enlarged  in  the  male,  but  not  in  the  female.  Given  that  sexual 
differences  in  the  relative  size  of  the  basal  tarsomeres  are  very 
common  among  cosmetid  harvestmen,  it  seems  likely  that  this 
dimorphism  reflects  sexual  selection  for  intra-  or  intersexual 
communication,  rather  than  egg  guarding. 

Our  observations  represent  important  contributions  to  the  natural 
history  of  harvestmen  in  the  family  Cosmetidae,  the  second  largest 
group  of  Neotropical  (>  700  described  species)  harvestmen.  Little  is 
known  about  the  fecundity,  frequency  of  reproduction,  parental  care, 
or  preferences  for  oviposition  sites  of  most  species  (Machado  & 
Macias-Ordonez  2007).  In  two  Nearctic  cosmetid  species  of  Vonones, 
females  produce  a single  batch  of  85  or  more  eggs  and  cover  or  hide 
them  (Goodnight  1958;  Cokendolpher  & Jones  1991).  Oviposition 
sites  include  fallen  tree  trunks,  leaf  litter  and  the  inside  crevices  of 
moist  wood  (Machado  & Macias-Ordonez  2007).  In  other  Neotrop- 
ical cosmetid  species  from  the  Caribbean  and  South  America,  females 
lay  one  or  two  batches  of  90-240  eggs  and  generally  cover  and  hide 
their  eggs  (Canals  1936;  Juberthie  1972;  Friebe  & Adis  1983).  The 
only  cosmetid  harvestman  from  Central  America  that  has  been 
studied  is  Ergimilus  clavotihialis  (Goodnight  & Goodnight  1976).  In 
this  species  females  produce  a single  batch  of  90-100  eggs,  with 
oviposition  occurring  in  spaces  under  tree  bark  or  in  crevices.  In 
contrast  to  other  cosmetid  species,  however,  female  E.  clavotihialis 
actively  guard  their  eggs. 

During  our  field  observations  we  observed  that  egg  batches  were 
only  guarded  by  males  at  night,  and  that  each  batch  contained  eggs  at 
different  stages  of  development.  These  behavioral  patterns  are  similar 
to  those  observed  in  other  Neotropical  harvestmen  (Hara  et  al.  2003; 
Machado  et  al.  2004).  In  the  manaosbiid  Zygopachyliis  alhomarginis 
(Mora  1990)  and  the  gonyleptid  Iporangaia pmtulosa  (Machado  et  al. 
2004),  rival  males  consume  unprotected  eggs.  Machado  et  al.  (2004) 
provided  three  possible  explanations  for  why  male  parental  care  is 
discontinuous,  including  the  hypotheses  that  1 ) males  lack  sufficient 
energy  reserves  to  sustain  extended  guarding  periods,  so  they  must 
leave  eggs  to  forage;  2)  males  actively  guard  the  eggs  at  a distance 
during  the  day  and  protect  them  from  conspecifics  or  other  predators; 
and  3)  males  use  the  time  away  from  guarding  the  eggs  to  search  for 
additional  mates.  Additional  field  studies  that  involve  monitoring  the 
behavior  of  males  guarding  egg  batches  as  well  as  the  survival  of  egg 
batches  that  are  guarded  and  unguarded  (through  male  removal)  are 
needed  to  assess  the  efficacy  of  paternal  care  in  this  species. 

In  most  species  of  harvestmen,  eggs  grow  larger  and  change  color 
during  development,  gradually  darkening  before  hatching  (Gnaspini 
2007).  In  gonyleptid  harvestmen  that  oviposit  on  the  undersurface  of 
leaves,  the  first  eggs  that  are  laid  by  females  are  closest  to  the  apex 
(Machado  et  al.  2004).  On  the  basis  of  the  position  of  the  eggs  and 
their  different  sizes  and  colors,  we  infer  that  these  males  guard 
batches  of  eggs  through  several  developmental  stages.  We  also  infer 
that  eggs  at  different  stages  of  development  are  the  result  of  different 
oviposition  events,  by  one  or  more  females.  In  11  species  of 
gonyleptoid  harvestmen,  males  mate  multiple  times  and  guard  eggs 
produced  by  multiple  females  (Machado  & Macias-Ordonez  2007). 
Thus,  we  hypothesize  that  the  cosmetid  species  in  our  study  also 
exhibits  a polygynic  mating  system.  Additional  field  studies  that 
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involve  the  mark-recapture  of  females  in  the  vicinity  of  guarding 
males  are  needed  to  assess  this  hypothesis. 

We  thank  A.  Solis  for  assistance  with  collecting  and  observing 
harvestmen  in  the  field.  We  are  especially  thankful  to  Daniel 
Santamaria  for  help  with  the  plant  identifications.  We  also  thank 
R.  Madas-Ordonez  and  an  anonymous  reviewer  for  insightful 
comments  on  an  earlier  version  of  the  manuscript.  This  research 
was  supported  by  a VWC  Summer  Faculty  Development  Grant 
(VRT),  a Batten  Endowed  Professorship  (VRT),  and  the  VWC 
Science  Undergraduate  Research  Fund.  Specimens  from  Volcan 
Cacao  were  collected  under  MINAET  permit  no.  01228  (CV)  and 
were  exported  to  the  U.S.  under  scientific  passport  no.  01607  (VRT). 
Voucher  specimens  of  adult  specimens  will  be  deposited  in  the 
collections  of  INBio  and  American  Museum  of  Natural  History. 
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First  record  of  paternal  care  in  the  family  Stygnidae  (Opiliones:  Laniatores)  - 

Osvaldo  Villarreal  Manzanllla:  Museo  del  Institute  de  Zoologia  Agricola,  Facultad  de  Agronomia,  Universidad  Central 
de  Venezuela,  Apartado  2I01-A,  ZP  4579,  Maracay,  Estado  Aragua,  Venezuela 

Glauco  Machado':  Departamento  de  Ecologia,  Institute  de  Biociencias,  Rua  do  Matao,  Travessa  14,  n°  321,  Cidade 
Universitaria,  05508-900,  Sao  Paulo,  SP,  Brazil  ; 

Abstract.  Two  cases  of  paternal  care  are  described  for  species  of  the  genus  Stenostygnellus  (Stygnidae),  S.  flavolimbatus 
Roewer  1913  and  S.  aif.  flavolimbatus,  both  from  Venezuela.  Males  of  both  species  guard  multiple  clutches  containing 
a large  number  of  eggs,  which  are  laid  under  rotting  logs  (S.  flavolimbatus)  or  in  the  base  of  palm  petioles  (S.  aff.  \ 

flavolimbatus).  These  records  probably  represent  a new  and  independently  evolved  case  of  paternal  care  in  harvestmen.  'i 

Keywords:  Egg-hiding,  Eiitimesius,  maternal  care,  Protimesius,  Stenostygnellus 


Exclusive  post-zygotic  paternal  care  is  regarded  as  the  rarest  form 
of  parental  investment  among  arthropods,  being  reported  for  only 
17  lineages  (Tallamy  2000,  2001;  Nazareth  & Machado  2010).  Over 
half  of  the  reports  of  independent  evolution  of  paternal  care 
in  arthropods  occurred  in  the  order  Opiliones,  a group  of  arach- 
nids with  nearly  6500  described  species  (Kury  2003).  Contrary  to 
maternal  care,  which  is  restricted  in  harvestmen  to  species  of  the 
Neotropical  superfamily  Gonyleptoidea  (Machado  2007;  Machado 
& Macias-Ordonez  2007),  paternal  care  has  evolved  in  at  least  four 
superfamilies  of  the  suborder  Laniatores:  once  in  the  Triaenony- 
choidea  (family  Triaenonychidae),  once  in  the  Samoidea  (family 
Podoctidae),  once  in  Assamioidea  (family  Assamiidae),  and  at  least 
three  times  in  the  Gonyleptoidea  (family  Gonyleptidae)  (references 
in  Machado  et  al.  2004;  Machado  2007;  Nazareth  & Machado  2009). 
In  this  paper,  we  report  for  the  first  time  paternal  care  in  rep- 
resentatives of  Stygnidae  and  also  offer  anecdotal  behavioral 
information  on  other  species  in  order  to  discuss  the  evolution  of 
the  different  forms  of  parental  care  in  this  family. 

We  made  opportunistic  observations  of  paternal  behavior  during 
two  field  expeditions  devoted  to  the  collection  of  arachnological 
material  in  Venezuela.  The  two  species  we  studied  belong  to  the 
genus  Stenostygnellus  Roewer  (Heterostygniiiae),  a small  group  of 
Neotropical  harvestmen  restricted  to  forested  areas  in  the  northern 
mountains  of  Venezuela.  Although  only  two  species  are  currently 
recognized  in  the  genus,  5”.  flavolimbatus  Roewer  1913  and  S. 
macrochelis  (Roewer  1917)  (see  Pinto-da-Rocha  1997),  the  system- 
atics  of  the  group  deserve  further  study  (Villarreal  2007).  We  found 
the  first  species,  S.  flavolimbatus,  at  the  El  Avila  National  Park 
(10°3r5.95"N,  66°48'21.87"W;  ca  1700  m elev.),  Distrito  Capital, 
Venezuela.  We  observed  this  species  along  the  trail  between  the 
Humboldt  Hotel  and  the  La  Silla  del  Avila  in  July  2006.  The  second 
species,  identified  as  S.  aff  flavolimbatus,  is  probably  a new  species 
(O.  Villarreal-Manzanilla  unpublished  data).  We  observed  this 
species  in  a cloud  forest  near  Colonia  Tovar  (10°24'56.30"N, 
67°17'12.64"W;  ca  2000  m elev.),  state  of  Aragua,  in  July  2008. 
Voucher  specimens  of  males  are  deposited  in  the  arachnological 
collection  of  the  Museo  del  Instituto  de  Zoologia  Agricola  (MIZA), 
Maracay,  Venezuela. 

We  found  two  males  of  S.  flavolimbatus  guarding  clutches  of  eggs 
nearly  50  cm  from  each  other  in  a cavity  in  a large  rotting  log.  Both 
males  were  resting  close  to  a clutch  containing  more  than  100  eggs  in 
different  stages  of  embryonic  development  (based  on  differences  of 

' Corresponding  author:  E-mail:  glaucom@ib.usp.br 


color  and  size).  We  interpret  the  presence  of  the  males  close  to  the 
clutches  as  parental  care  because  both  males  maintained  the  typical 
posture  exhibited  by  parental  individuals  in  other  harvestman  species 
(see  Machado  et  al.  2004;  Machado  & Warfel  2006).  The  presence  of 
eggs  in  different  stages  of  embryonic  development,  which  is  common 
among  harvestmen  exhibiting  exclusive  paternal  care  (Machado  et  al. 
2004;  Machado  & Macias-Ordonez  2007),  suggests  that  guarding 
males  accept  eggs  from  more  than  one  female  or  from  the  same  female 
at  different  times. 

We  also  found  one  male  and  one  female  of  S.  aff.  flavolimbatus 
close  to  a clutch  laid  in  the  base  of  a palm  petiole.  The  clutch 
contained  nearly  150  eggs  in  at  least  two  different  stages  of  embryonic 
development,  and  the  eggs  were  in  multiple  layers  (Fig.  lA)  - a 
pattern  of  egg  deposition  only  described  for  another  species  with 
paternal  care,  the  assamiid  Lepchana  spinipalpis  (Martens  1993). 
When  we  photographed  the  clutch,  both  individuals  were  disturbed, 
but  only  the  female  abandoned  the  oviposition  site.  The  male 
remained  close  to  the  clutch  and  constantly  tapped  the  eggs  with  his 
second  pair  of  legs  (Fig.  lA).  We  interpret  the  presence  of  the  male 
close  to  the  eggs  as  parental  care  because  the  individual  did  not 
abandon  the  clutch  after  disturbance.  Moreover,  the  male  inspected 
the  clutch  after  disturbance  with  his  sensorial  legs,  like  parental 
individuals  of  other  harvestman  species  usually  do  after  disturbance 
(e.g.,  Mora  1990;  Machado  et  al.  2004).  The  presence  of  a female  close 
to  the  clutch,  on  the  other  hand,  does  not  necessarily  indicate 
biparental  care  because  harvestman  females  usually  remain  for  some 
time  at  the  oviposition  site,  both  before  and  after  egg  laying  (Mora 
1990;  Nazareth  & Machado  2009,  2010). 

The  only  previously  studied  species  of  Stygnidae  is  the  Amazonian 
Auranus  parvus  Mello-Leitao  1941  (Stygninae),  which  lays  its  eggs 
inside  fissures  on  the  bark  and  provides  no  further  care  (Friebe  & 
Adis  1983).  Laboratory  observations  on  two  other  Amazonian 
Stygninae,  Sty  gnus  sp.  and  Protimesius  longipalpis  (Roewer  1943), 
indicate  that  females  also  hide  their  eggs  inside  fissures  in  rotting  logs 
and  do  not  provide  additional  care  to  the  offspring  (G.  Machado 
unpublished  data).  Given  the  phylogenetic  position  of  the  genera 
Auranus,  Sty  gnus,  and  Protimesius  within  the  Stygninae  (Pinto-da- 
Rocha  1997;  Pinto-da-Rocha  & Villarreal-Manzanilla  2009),  the 
plesiomorphic  form  of  parental  care  in  the  subfamily  is  probably 
egg-hiding. 

Our  observations  on  Stenostygnellus  spp.  are  the  only  repro- 
ductive data  for  the  subfamily  Heterostygninae.  In  March  2004, 
however,  we  received  a photo  of  a stygnid  harvestman  from  Tiputini 
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Figure  1. — A.  Male  of  Stenostygnellus  aff.  flavolimhatiis  close 
to  a multiple  clutch  laid  on  the  petiole  of  a palm.  The  guarding 
male  is  touching  the  eggs  with  his  second  pair  of  legs  (photo: 
O.  Villarreal).  B.  Female  of  Eutimesius  sp.  prostrated  close  to  eggs 
laid  on  a leaf  and  surrounded  by  an  abundant  mucus  coat  (photo: 
Bejat  McCracken). 


Biodiversity  Station,  Ecuador,  probably  caring  for  eggs  imbedded  in 
an  abundant  mucus  coat  (Fig.  IB).  We  unequivocally  identified  the 
individual,  which  almost  certainly  belongs  to  the  genus  Eutimesiiis 
Roewer  1913,  as  being  a female,  based  on  the  relative  small  size  of 
the  chelicerae  and  the  lack  of  apical  spines  on  femur  IV  (see  Pinto- 
da-Rocha  1997).  Anecdotal  field  observations  indicate  that  the 
female  remained  close  to  the  clutch  for  some  days  and  did  not 
consume  the  eggs  (B.  McCracken  pers.  comm.),  which  we  interpret 
as  probable  maternal  care.  The  genus  Eutimesius  is  the  sister  group 
of  the  clade  formed  by  the  genera  Styguoplus  + Stenostygnellus 
(Pinto-da-Rocha  1997).  Unfortunately,  the  lack  of  behavioral  data 
on  the  basal  lineages  of  Heterostygninae,  as  well  as  on  the  mo- 
notypic  Nomoclastinae,  makes  it  difficult  to  present  a hypothesis  for 
the  evolution  of  the  different  forms  of  parental  care  in  Stygnidae. 
Nevertheless,  it  is  likely  that  the  cases  of  post-zygotic  parental  care 
we  describe  represent  independent  events  of  evolution  of  both 
maternal  and  paternal  assistance  in  harvestmen  of  the  superfamily 
Gonyleptoidea. 

ACKNOWLEDGMENTS 

We  thank  Bejat  McCracken  for  allowing  us  to  use  the  photo 
included  here  as  Fig.  IB  and  for  some  behavioral  information  on 
the  species.  We  also  thank  Billy  Requena,  Bruno  Buzatto,  Linden 
Higgins,  and  two  anonymous  reviewers  for  helpful  comments  on  the 
manuscript.  GM  is  supported  by  fellowships  from  Fundaqao  de 
Amparo  a Pesquisa  do  Estado  de  Sao  Paulo  (FAPESP.  02/00381-0; 
08/54833-5)  and  Coordenaqao  de  Aperfeiqoamento  de  Pessoal  de 
Nivel  Superior. 

LITERATURE  CITED 

Friebe,  B.  & J.  Adis.  1983.  Entwicklungzyklen  von  Opiliones  (Arach- 
nida)  im  Schwarzwasser-Uberschwemmungswald  (Igapo)  des 
Rio  Taruma  Mirim  (Zentralamazonien,  Brasilien).  Amazoniana 
8:101-110. 

Kury.  A.B.  2003.  Annotated  catalogue  of  the  Laniatores  of  the  New 
World  (Arachnida.  Opiliones).  Revista  Iberica  de  Aracnologia, 
volume  especial  monografico  1:1-337. 

Machado.  G.  2007.  Maternal  or  paternal  egg  guarding?  Revisiting 
parental  care  in  triaenonychid  harvestmen  (Opiliones).  Journal  of 
Arachnology  35:202-204. 

Machado,  G.  & R.  Macias-Ordonez.  2007.  Reproduction.  Pp.  414-454. 
In  Harvestmen:  the  Biology  of  Opiliones.  (R.  Pinto  da  Rocha,  G. 
Machado  & G.  Giribet,  eds.).  Harvard  University  Press,  Cambridge, 
Massachusetts. 

Machado.  G.,  G.S.  Requena,  B.A.  Buzatto,  F.  Osses  & L.M.  Rossetto. 
2004.  Five  new  cases  of  paternal  care  in  harvestmen  (Arachnida: 
Opiliones):  implications  for  the  evolution  of  male  guarding  in  the 
Neotropical  family  Gonyleptidae.  Sociobiology  44:577-598. 
Machado,  G.  & J.  Warfel.  2006.  First  case  of  maternal  care  in  the 
family  Cranaidae  (Opiliones:  Laniatores).  Journal  of  Arachnology 
34:269-272. 

Martens.  J.  1993.  Further  cases  of  paternal  care  in  Opiliones 
(Arachnida).  Tropical  Zoology  6:97-107. 

Mora,  G.  1990.  Parental  care  in  a neotropical  harvestman.  Zygopa- 
chvlus  alhonutrginis  (Arachnida:  Gonyleptidae).  Animal  Behaviour 
39:582-593. 

Nazareth,  T.M.  & G.  Machado.  2009.  Reproductive  behavior  of 
Cluivesincola  inexpectahilis  (Opiliones:  Gonyleptidae),  with 
the  description  of  a new  and  independently  evolved  case  of 
paternal  care  in  harvestman.  Journal  of  Arachnology  37: 
127-134. 

Nazareth,  T.M.  & G.  Machado.  2010.  Mating  system  and  exclusive 
post-zygotic  paternal  care  in  a neotropical  harvestman  (Arachnida: 
Opiliones).  Animal  Behaviour  79:547-554. 


502 


THE  JOURNAL  OF  ARACHNOLOGY 


Pinto-da-Rocha,  R.  1997.  Systematic  review  of  the  neotropical  family 
Stygnidae  (Opilioiies,  Laniatores,  Gonyleptoidea).  Arquivos  de 
Zoologia  33:163-342. 

Pinto-da-Rocha,  R.  & O.  Villarreal-Manzanilla.  2009.  Cladistic  analysis 
of  the  Stygninae  and  description  of  a new  species  of  Protimesius 
Roewer,  1913  (Opiliones:  Stygnidae).  Zootaxa  2176:48-56. 

Tallamy,  D.W.  2000.  Sexual  selection  and  evolution  of  exclusive 
paternal  care  in  arthropods.  Animal  Behaviour  60:559-567. 


Tallamy,  D.W.  2001.  Evolution  of  exclusive  paternal  care  in 
arthropods.  Annual  Review  of  Entomology  46:139-165. 

Villarreal,  M.O.  2007.  Notes  on  the  genus  Stenostygnelliis  Roewer 
(Opiliones:  Stygnidae)  in  Venezuela.  Pp.  123.  In  Abstract,  17 
International  Congress  of  Arachnology.  (A.D.  Brescovit  & G. 
Machado,  eds.).  FAPESP,  Sao  Pedro,  Sao  Paulo,  Brazil. 

Manuscript  received  24  March  2011,  revised  13  June  2011. 


2011.  The  Journal  of  Arachnology  39:503-505 


SHORT  COMMUNICATION 


Aggregations  of  Sphodros  mfipes  (Araneae:  Atypidae)  in  an  urban  forest 
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Abstract.  A large  population  of  Sphodros  rufipes  (Latreille  1829)  was  discovered  in  a municipal  park  in  Memphis, 
Tennessee.  We  examined  potential  stem  diameter  preference,  frequency  of  web  attachment  to  available  tree  species  and  the 
spatial  distribution  patterns  of  spiders  and  potential  attachment  structures.  A wide  range  of  structure  diameters  were 
utilized  for  web  attachment.  The  association  of  pursewebs  to  tree  taxa  was  independent  of  the  frequency  of  tree  taxa 
occurrence.  The  spacing  of  vegetation  stems  and  trunks  was  approximately  random,  but  spiders  exhibited  a nonrandom, 
aggregated  distribution,  which  was  more  pronounced  in  subadults  than  adults.  The  factors  influencing  A.  rufipes  to  occur  in 
aggregations  cannot  be  explained  by  the  spatial  proximity  of  potential  attachment  structures  in  the  forest. 

Keywords:  Purseweb  spider,  random  distribution,  aggregations,  density,  tree  preference 


Sphodros  is  one  of  three  genera  that  comprise  the  mygalomorph 
family  Atypidae.  Five  species  are  confined  to  the  United  States 
(Gertsch  & Platnick  1980),  with  Sphodros  rufipes  (Latreille  1829) 
being  the  most  widespread  and  known  from  scattered  locations 
throughout  the  eastern  United  States  (Hoffman  1992).  The  species 
has  been  described  as  uncommon  throughout  most  of  its  range 
(Hardy  2003),  but  occasionally  may  be  locally  abundant  (Poteat  1889; 
Morrow  1986;  Mckenna-Foster  et  al.  2011).  As  the  widest-ranging 
Sphodros  spider,  S.  rufipes  is  also  the  best  studied.  The  seasonality  of 
reproductive  behaviors  is  well  documented  (McCook  1888;  Coyle  & 
Shear  1981;  Morrow  1986),  as  is  the  timing  and  pattern  of  post- 
embryonic  development  (Coyle  & Shear  1981 ).  The  architecture  of  the 
purseweb  has  been  thoroughly  described  (Bishop  1950;  Gertsch  & 
Platnick  1980;  Coyle  & Shear  1981;  Beatty  1986;  Morrow  1986; 
Hardy  2003).  However,  its  population  biology  is  poorly  documented, 

1 probably  due  to  its  generally  sparse  occurrence  and  cryptic  webs. 

Previous  studies  have  reported  population  densities  (Poteat  1889; 

■ Coyle  & Shear  1981),  but  only  one  has  described  spatial  patterns 
(Mckenna-Foster  et  al.  2011). 

Although  authors  frequently  note  the  tree  species  to  which 
I Sphodros  webs  are  attached,  only  Hardy  (2003)  has  analyzed  tree 

I species  association,  reporting  a higher  frequency  (58%)  of  attachment 

I to  oaks  (Qiiercus  spp.)  and  sweet  gum  {Liquidambar)  and  the 

j avoidance  of  conifers  and  herbaceous  vegetation.  Muma  (1944) 

j stated  that  S.  rufipes  preferred  small  trees  for  web  attachment, 

I an  observation  that  was  supported  by  Coyle  and  Shear’s  (1981) 

' data  indicating  a mean  trunk  diameter  of  10.4  cm.  Hardy  (2003) 

pursued  this  topic  and  found  no  webs  attached  to  trunks  larger  than 
65  cm  diameter-at-breast-height  (dbh).  The  populations  studied  by 
Mckenna-Foster  et  al.  (201 1)  were  unusual  due  to  the  majority  of  the 
webs  being  attached  to  grasses  and  other  non-woody  structures. 

From  these  studies,  a picture  develops  of  a spider  that  typically 
attaches  its  web  to  the  trunks  of  sapling  or  small  hardwoods,  within 
an  environment  that  offers  a wider  variety  of  potentially  suitable 
structures.  Interesting  questions  then  emerge.  How  constrained  are 
the  spiders  to  utilize  web  supports  in  close  proximity  to  conspecifics, 
given  their  proclivity  for  specific  types  of  attachment  points  which 
may  themselves  be  spaced  according  to  other  environmental  factors? 
Is  the  spacing  of  Sphodros  webs  solely  a reflection  of  the  arrangement 
of  suitable  supports?  No  previous  study  has  examined  these  potential 
dynamics. 

Following  the  fortuitous  discovery  of  a male  S.  rufipes  wandering 
the  forest  floor  of  a city  park,  subsequent  surveys  revealed  a 


surprising  abundance  of  purseweb  spiders,  encouraging  further  study. 
This  large  population  presented  a unique  opportunity  to  examine,  for 
the  first  time,  spatial  distribution  patterns  of  a purseweb  spider 
population.  The  purpose  of  our  study  was  to  measure  the  density  of 
S.  rufipes  in  an  urban  forest  island,  characterize  spatial  patterns,  and 
to  consider  these  patterns  in  light  of  the  spacing,  size,  and  taxa  of 
indigenous  web-supporting  vegetation. 

The  research  was  conducted  during  June-August  2009,  in  a 28.7  ha 
mature  hardwood  forest  within  Overton  Park,  Memphis,  Tennessee, 
which  became  an  isolated  fragment  when  the  urban  expansion  of 
Memphis  encircled  it  by  1906  (Gilbert  1992).  We  inventoried  and 
identified  every  tree  > 7.62  cm  dbh  within  an  800  m"  portion  of  the 
park  after  broad  surveys  indicated  it  was  representative  of  the  whole. 
Subsequent  analysis  of  web  attachment  frequency  to  tree  taxa  was 
performed  at  the  generic  level  because  the  structural  characteristics 
encountered  by  the  spiders,  such  as  bark  texture,  and  thus  the 
biological  relevance,  would  be  distinct. 

To  determine  the  range  of  structure  size  chosen  by  the  spiders,  we 
measured  stem  diameter  at  25  cm  above  the  ground  surface,  from  a 
random  forest-wide  sample  of  1 86  plants  and  trees  with  one  or  more 
attached  pursewebs.  We  chose  this  measurement  instead  of  the  dbh- 
standard  of  forestry  science  because  the  latter  was  less  relevant  to 
Sphodros  behavior  than  diameter  at  the  level  where  the  spiders  would 
encounter  the  structures  and  attach  their  webs. 

To  describe  spatial  patterns  of  Sphodros,  three  12  X 12m  quadrats 
were  established.  Since  we  were  interested  in  discovering  how 
Sphodros  position  themselves  in  relation  to  nearby  conspecifics  and 
suitable  web-supporting  vegetation,  selection  of  transect  positions 
was  not  random.  Instead,  we  established  each  transect  at  a location 
where  broad  surveys  of  the  entire  park  identified  high  spider  density. 
At  each  transect,  we  meticulously  inspected  the  ground  for  all 
Sphodros  webs,  including  the  smallest  juveniles,  of  which  there  were 
many,  and  we  are  confident  that  all  webs  were  found.  Each  web  was 
categorized  as  being  occupied  by  an  adult  versus  a subadult  on  the 
basis  of  diameter.  Webs  s 12  mm  were  classified  as  adult.  This 
criterion  resulted  in  two  discrete  groups,  with  an  obvious  size  gap 
between  the  adult  threshold  size  and  the  largest  subadult  webs. 

We  quantified  spatial  distribution  of  Sphodros  pursewebs  using  the 
methods  of  Morisita  (1959).  For  each  transect,  we  reiterated  the 
calculation  of  Morista’s  Index  (L)  for  1,  2,  4 and  6 quadrants,  and 
observed  for  changes  in  the  distribution  pattern.  Measuring  spatial 
pattern  at  multiple  scales  is  essential  because  aggregations  are  a 
function  of  the  scale  at  which  they  are  viewed.  For  each  quadrant  size. 
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Table  1. — List  of  trees  (n  = 1985)  by  genus  with  their  relative 
frequency  and  mean  dbh  (cm)  and  the  number  of  associated  Sphodros 
nifipes  webs. 


Genus 

DBH  (SE) 

Percent 

occurrence 

Webs 

Acer 

17.8  (0.7) 

10.28 

9 

Aescuhts 

7.6  (0.4) 

0.65 

0 

Alhizia 

14.5  (1.7) 

0.55 

0 

Asimina 

10.2  (2.9) 

35.11 

9 

Betula 

16.1  (2.11) 

0.16 

0 

Carpimis 

14.4  (0.8) 

1.91 

5 

Carya 

18.9  (1.0) 

8.87 

5 

Cercis 

19.1  (3.2) 

1.36 

0 

Celtis 

21.3  (2.8) 

1.01 

0 

Cornus 

18.8  (2.3) 

1.21 

1 

Fraxinus 

34.5  (3.1) 

2.42 

1 

Juniperus 

6.0  (1.8) 

0.20 

1 

Liquidambar 

36.3  (2.0) 

5.44 

3 

Liriodendron 

65.7  (4.7) 

3.73 

4 

Monts 

14.0  (2.8) 

0.20 

0 

Quercus 

69.2  (2.7) 

8.16 

22 

Sassafras 

20.3  (1.6) 

1.26 

0 

Ulnnis 

16.3  (0.4) 

17.48 

22 

Total 

100.00 

82 

index  values  < 1 occur  when  distribution  is  hyperdispersed  and  > I 
when  underdispersed  (Vandermeer  1990).  An  abrupt  change  in  the 
index  value  between  two  quadrant  sizes  denotes  the  approximate  area 
encompassed  by  the  aggregations  (Vandermeer  1990). 

We  identified  1,985  trees,  composed  of  30  species  of  21  genera  (Acer 
negundo,  A.  nihriim,  A.  sacc/uiriini,  Aescuhts  sylvatica,  Alhizia 
jidihrissin,  Asimina  triloba,  Betida  papyrifera,  Carpimis  caroliniana, 
Carya  glabra,  C.  iUinoensis,  C.  tomeutosa,  Cercis  canadensis,  Celtis 
occidentalis,  Cornns  florida,  Fraxinus  aniericana,  Lupddamhar 
styracifolia,  Liriodendron  tidipifera.  Moms  rubra,  Nyssa  sylvatica, 
Platamis  occidentalis,  Popidus  deltoides.  Primus  serotina,  Qiiercus  alba, 
Q.  fcdcata,  Q.  rubra,  Q.  schumardii,  Q.  velutina.  Sassafras  alhidum, 
Ulnms  aniericana,  and  U.  rubra). 

The  majority  (65%)  of  tree  genera  occurring  in  Overton  Park  were 
utilized  by  S.  rufipes  as  purseweb  supports  (Table  1).  A large 
proportion  (20%)  of  spiders  utilized  small  herbaceous  plants  as  web 
supports,  as  depicted  in  Fig.  1.  We  also  observed  Sphodros  utilizing 
miscellaneous  ground  litter  as  supports,  such  as  fallen  dead  leaves  and 
limbs  (9%).  A few  webs  (6%)  were  not  supported  by  any  structure; 
i.e.,  were  aligned  horizontally  upon  the  forest  floor,  as  is  more 
characteristic  of  the  Old  World  Atypus  (Gertsch  & Platnick  1980),  or 
were  partially  attached  to  fallen  debris. 

The  diameter  of  186  vegetation  stems  or  trunks  supporting 
pursewebs  ranged  widely  (0.01-268.0  cm,  mean  = 47.2  cm,  SE  = 
20.5).  The  diameters  of  stems  with  webs  containing  subadults  (n  = 
170)  did  not  differ  significantly  (X^ j = 0.13,  P = 0.73,  from  those 
supporting  webs  of  adults  (n  = 16). 

The  frequency  of  Sphodros  webs  among  tree  genera  was  signifi- 
cantly different  (X~  u = 70.4,  P < 0.0001)  than  the  distribution  of 
tree  genera  within  the  total  population  in  the  study  site.  Ulnms  and 
Quercus  were  the  sites  of  attachment  for  the  majority  (54%)  of  adult- 
occupied  webs.  Seven  tree  genera  were  not  observed  to  have  webs 
attached.  Among  trees  supporting  at  least  one  purseweb,  Cornus, 
Fraxinus,  and  Juniperus  were  the  least  frequently  utilized  by  spiders. 

A total  of  853  pursewebs  were  counted  in  the  three  transects.  Webs 
occupied  by  adults  comprised  4%  of  the  sample  (n  = 36,  transect 
range  10-14)  versus  subadults  (n  = 817,  transect  range  152-504).  The 
mean  density  of  adults  was  0.08/m’  and  mean  density  of  subadults 
was  1.9/m^. 


Figure  1. — Sphodros  rufipes  web  utilizing  a small  herbaceous 
sprout  as  support. 


The  spatial  distribution  of  stems  and  tree  trunks  was  approximately 
random  in  both  the  broad  landscape  and  smaller  transect  perspective. 
Within  the  12  m“  transects,  Ig  ranged  from  1.0-1. 6 (mean  = 1.2). 
Spatial  arrangement  of  adult  and  subadult  classes  in  the  12  m" 
transects  indicated  aggregation  (Fig.  2).  For  adults  in  each  transect,  Ig 
min/max  values  were  1. 2-2.2,  1. 3-2.1,  and  0.9-1. 6 (calculated  for  2,  4, 
and  6 m“  quadrants  only  due  to  small  sample  size).  For  subadults, 
min/max  of  Ig  were  1. 0-2.0,  2. 6-6. 5,  and  1.1-2. 6. 


1 2 3 4 5 6 7 


Quadrant  Area  (m^) 

Figure  2. — Mean  (+  SE)  values  of  Morisita  Index  for  subadult  and 
adult  subclasses  of  Sphodros  rufipes  at  1, 2,  4,  and  6 m"  quadrat  size  in 
three  144  m’  quadrats.  Adults  in  the  1 m"  quadrant  consisted  of  a 
single  individual. 


REICHLING  ET  KL.—SPHODROS  RUFIPES  AGGREGATIONS 

Though  purseweb  spiders  aggregate,  the  available  support  struc- 
tures are  both  abundant  and  randomly  positioned.  Thus,  the  spiders 
are  not  underdispersed  as  an  artifact  of  the  spatial  constraints  of 
suitable  attachment  sites.  It  is  tempting  to  hypothesize  that  juvenile 
purseweb  spiders  are  displaying  colonial  attraction  to  each  other  by 
their  close  proximity.  An  alternative  explanation,  which  we  favor,  is 
that  the  poor  dispersal  capabilities  of  the  spiderlings  restrict  them  to 
settle  into  high-density  groups,  composed  primarily  or  completely  of 
siblings.  We  propose  that  these  high  densities,  and  the  competition  for 
prey  and  other  limited  resources  that  they  engender,  represent 
suboptimal  conditions  for  the  spiders,  which  is  gradually  alleviated 
by  fitness-based  mortality. 

We  measured  a density  that  was  ten  times  greater  than  the 
, previously  highest  measure  documented  for  the  genus  (Mckenna- 
Foster  et  al.  2011).  In  most  states  where  it  occurs,  Sphodros  is  listed 
either  as  rare  or  as  a species  of  concern  (Anonymous  2004;  Roble 
2006).  Commenting  on  the  status  of  S.  coylei  Gertsch  & Platnick 
1980,  Wolff  (2005)  speculated  that  Sphodros  may  require  large  areas 
of  habitat  to  survive,  that  urbanization  was  the  primary  threat  to  the 
genus  in  most  areas,  and  that  isolated  populations  might  not  have 
I long-term  viability.  Therefore  it  is  noteworthy  that  in  a small 
fragment  of  forested  habitat,  isolated  for  over  a century  and 
embedded  within  an  urban  landscape,  S.  nifipes  is  abundant. 

I We  thank  Andy  Kouba,  Jon  Davis,  Fields  Falcone,  Stephanie 
Cassel,  Lauren  Lieb,  Cybil  Covic,  and  Mitch  Taylor  for  sharing  tree 
data.  Chellie  Bowman  assisted  us  in  the  forest  surveys.  Alan  Jaslow 
and  Erin  Willis  lent  statistical  guidance.  The  Memphis  Zoological 
Society  provided  time  and  equipment  to  conduct  this  study. 
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SHORT  COMMUNICATION 

Bringing  spiders  to  the  multilocus  era:  novel  anonymous  nuclear  markers  for  Harpactocrates 
ground-dwelling  spiders  (Araneae:  Dysderidae)  with  application  to  related  genera 

Leticia  Bidegaray-Batista',  Rosemary  G.  Gillespie-  and  Miquel  A.  Arnedo':  ’Institut  de  Recerca  de  la  Biodiversitat  & 
Departament  de  Biologia  Animal,  Universitat  de  Barcelona,  Avenida  Diagonal  643,  08020,  Barcelona,  Spain.  E-mail: 
letigaray@yahoo.com;  -Department  of  Environmental  Science  Policy  and  Management,  University  of  California,  137 
Miilford  Hall,  Berkeley,  California  94720-3114 

Abstract.  Multilocus  approaches  are  essential  for  accurately  recovering  the  evolutionary  processes  underlying  species  and 
population  history.  However,  historical  inferences  in  non-model  organisms  are  still  almost  exclusively  based  on 
mitochondrial  DNA  due  to  the  difficulty  of  obtaining  multiple  informative  loci.  Here,  we  use  a genomic  library  based 
approach,  to  generate  15  novel  anonymous  nuclear  markers  (ANMs)  from  the  ground  spider  Harpactocrates  glohifer 
Ferrandez  1986.  The  ANMs  cross-amplify  and  sequence  well  in  the  target  species  and  its  two  closest  relatives,  and  some  of 
them  also  in  the  more  distantly  related  //.  ravasteUus  Simon  1914.  Levels  of  nucleotide  diversity  of  the  ANMs  within  H. 
glohifer  ranged  from  0.05%  to  1.4%  and  average  sequence  divergence  between  close  congeneric  relatives  from  0.02%  to 
13.9%,  supporting  the  utility  of  these  loci  in  population  and  species-level  analyses.  Moreover,  a cross-species  amplification 
screened  in  other  spider  taxa  showed  that  some  of  the  loci  could  also  potentially  be  useful  in  more  distantly  related  genera. 

Keywords:  Genomic  library,  nuclear  loci,  multilocus  approaches,  non-model  organisms 


Multilocus  approaches  based  on  unlinked  markers,  including  both 
mitochondrial  (mtDNA)  and  nuclear  markers,  are  essential  for  an 
accurate  reconstruction  of  the  evolutionary  processes  underlying 
species  and  population  history.  Inferences  based  exclusively  on 
mtDNA  markers  are  hampered  by  processes  such  as  sex-biased 
behaviors  (e.g.,  sex-biased  dispersal),  low  dispersal  ability  and  small 
population  sizes,  incomplete  lineage  sorting,  introgression  or  selective 
sweeps  (Avise  2000;  Hare  2001;  Irwin  2002;  Ballard  & Whitlock  2004; 
Wilkins  2004;  Kuo  & Avise  2005).  In  recent  years  the  realization  that 
gene  trees  and  species  trees  can  differ  markedly  in  closely  related 
species  has  sparked  the  development  of  a new  generation  of  methods 
for  species  tree  inference,  which  rely  strongly  on  the  information 
provided  by  multiple  markers  (Maddison  1997;  Edwards  2009). 
Moreover,  many  studies  have  shown  that  the  statistical  power  of 
parameters  such  as  divergence  times,  population  size  and  rates  of  gene 
flow,  rely  on  the  number  of  loci  used  (see  Brumfield  et  al.  2003;  Brito 
& Edwards  2009  and  references  therein).  Recent  advances,  both 
technological  (see  reviews  of  Hudson  2007;  Thomson  et  al.  2010; 
Ekblom  & Galindo  2011)  and  methodological  (e.g..  Hey  & Nielsen 
2007;  Heled  & Drummond  2010;  Hey  2010;  Yang  & Rannala  2010), 
have  greatly  facilitated  the  implementation  of  multilocus  analyses. 
Unfortunately,  the  scarcity  of  available  genomic  information  makes 
finding  multiple  informative  loci  in  non-model  organisms  a daunting 
task  (Thomson  et  al.  2010).  This  is  especially  true  for  spiders,  in  which 
just  a handful  of  mitochondrial  and  nuclear  markers  that  are  variable 
at  the  population  and  species  level  can  be  reliably  amplified  and 
sequenced  (see  e.g.,  Hedin  1997  for  nadi;  Maddison  & Hedin  2003  for 
nadl.  16S  and  EF-1  alpha;  Ayoub  et  al.  2007  for  EF-1  gamma; 
Bidegaray-Batista  et  al.  2007  for  coxl  and  16S-nadl  fragment;  Bond 
& Stockman  2008  for  12S-16S  fragment  and  ITS- 1 and  ITS-2;  Vink  et 
al.  2008  for  Actin  5C;  Garb  & Gillespie  2009  for  coxl,  16S-nadl 
fragment  and  EF-1  alpha;  Muster  et  al.  2009  for  ITS-1,  5.8S  rDNA 
and  ITS-2;  De  Busschere  el  al.  2010  for  coxl  and  28S). 

Here,  we  report  on  a method  to  circumvent  this  limitation  by 
isolating  novel  anonymous  nuclear  markers  (ANMs)  from  a spider 
genomic  library.  Our  target  organisms  are  species  belonging  to  the 
ground-dwelling  genus  Harpactocrates  Simon  1914  (family  Dysder- 
idae) which  inhabit  the  mountain  ranges  of  the  Sistema  Central  in  the 


Iberian  Peninsula.  From  west  to  east,  the  species  Harpactocrates 
gredensis  Ferrandez  1986,  H.  glohifer  Ferrandez  1986  and  H.  gurdus 
Simon  1914  are  found  along  the  range,  showing  narrow,  almost  non- 
overlapping distributions.  As  with  other  species  (about  13)  in  the 
genus,  they  are  generally  found  at  high  elevation  (above  1000  m)  in 
temperate  and  moist  forests,  suggesting  a preference  for  cool  and 
humid  environments.  Preliminary  phylogenetic  and  phylogeographic 
studies  have  shown  that  Pleistocene  glaciations  had  a major  role  in 
structuring  populations  in  Harpactocrates.  These  observations  have 
led  us  to  hypothesize  that  Harpactocrates  species  in  the  Sistema 
Central  underwent  population  range  expansion  toward  lower 
elevations  during  cooler  periods,  facilitating  gene  flow,  whereas  at 
interglacial  periods  they  retreated  to  high  elevation  refuges,  which 
then  led  to  population  fragmentation  (e.g.,  Masta  2000;  Knowles 
2001;  DeChaine  & Martin  2005;  Carstens  & Knowles  2007b; 
Mardulyn  et  al.  2009;  Schmitt  2009).  With  the  aim  of  testing  this 
hypothesis  using  a multilocus  species/population  approach,  we  have 
developed  15  novel  ANMs  from  a genomic  library  of  H.  glohifer, 
which  cross-amplify  and  sequence  well  in  the  closely  related  species  H. 
gurdus  and  H.  gredeusis  and  some  of  them  in  a more  distant  species  H. 
ravasteUus  Simon  1914.  Additionally,  we  have  screened  cross-species 
amplification  in  other  spider  taxa  in  order  to  evaluate  the  range  and 
potential  application  of  the  novel  markers  (see  below). 

We  constructed  a genomic  library  from  the  pooled  DNA  of  two 
/-/.  glohifer  specimens.  Total  genomic  DNA  was  extracted  using 
SpeedTools  Tissue  DNA  extraction  kit  (Biotools)  and  concentrated 
via  ethanol  precipitations.  Genomic  DNA  (—10  qg)  was  digested  with 
EcoRI  restriction  enzyme  (50  qL  total  volume).  The  enzyme  was 
selected  following  the  recommendations  of  Carstens  & Knowles 
(2006).  The  goal  was  to  ensure  that  the  enzyme  did  not  cut  the 
mitochondrial  DNA  into  fragments  smaller  than  1.6  kilobase  pairs 
(kb),  thereby  reducing  the  likelihood  of  cloning  mtDNA  fragments. 
EcoRl  was  selected  based  on  the  information  provided  by  a complete 
mitochondrial  genome  of  a new  species  of  Parachtes  Alicata  1964 
(pending  formal  description.  Pons,  Bidegaray-Batista  & Arnedo 
unpublished  data),  which  is  the  sister  genus  to  Harpactocrates. 
Digested  DNA  was  visualized  on  a 1%  agarose  gel  stained  with 
ethidium  bromide,  and  fragments  between  0.8  and  1.5  kb  in  length 


506 


BIDEGARAY-BATISTA  ET  AL.— ANMS  FOR  HARPACTOCRATES 


507 


Table  1. — Primer  sequences  for  fifteen  anonymous  nuclear  loci  developed  from  a genomic  library  of  Harpatocrates  glohifer.  Names  indicate 
the  loci,  forward  and  reverse  primers,  PCR  annealing  temperature  T (°C),  size  of  amplicon  and  GenBank  Accession  No.  of  the  original  cloned 
fragment.  Performance  codes  indicate  successful  amplification  in  the  following  species;  H.  glohifer  (1),  H.  gurdus  (2),  H.  gredensis  (3)  and  H. 
ravastelliis  (4),  Parachtes  romandiolae  (a),  Dysderu  erythrina  (b),  Harpactea  corticcdis  (c),  Loxosceles  rufescens  (d),  Troglohyphcmtes  liicifuga  and 
T.  pedemontanus  (e),  Neniesia  randa  and  Iberesia  hrauni  (0-  PCR  products  resulting  in  double  bands  (db)  or  multiple  bands  (mb)  are  indicated 
as  superscripts. 


Locus 

Primer  sequences  (5'-3') 

T(°  C) 

Amplicon  size  (bp) 

Accession  no. 

Performance 

qgLl 

F:  AGACAGCATTCAGAGTCCAAGCG 

R2:  GCCGAAATAGTTTGAGCTCGTTTGCG 

56 

416 

JN654497 

1, 2,3,4,  a"’*^ 

qgL5 

F:  TGCCCACGCCCCACTAAAATAGG 

R:  GCCAGGTTGCCAGTTAAAATCACG 

58 

424 

JN654498 

1, 2,3,4,  a,  b 

qgLlO 

F:  AGCGACACATCCTTACCTGCGT 

R:  GCGCATCTGGAGAGCCTTTGA 

58 

621 

JN654506 

1, 2,3,4,  a'’’^  e 

qgLl  2 

F:  TGGCACAGCAGTGGCCAGAA 

R:  CATGTCAACCGAATAGAATC 

55 

617 

JN654509 

1,2,3 

qgL21 

F:  ACGCCCGAACCGACCTTTGC 

R:  ACGAGGGAGGTGCTAGAAGCG 

58 

580 

JN654499 

1,2,3,  a‘^^  f 

qgL22 

F;  ACGATGCACCCTCGAAATGGTCG 

R:  TTGGCGCGGAACCTCTCAGC 

58 

508 

JN6545!i 

1, 2,3,4,  a°"’ 

qgL25 

F:  TGCCCACGCCACCCCTATCC 

R: AGGCCAACGCGAAAAGTCAGC 

59 

309 

JN654510 

1, 2,3,4,  a,  b,  d 

qgL26 

F:  TCCCCGGGTCACGTGGGAAG 

R:  TCCCCAACGTGAACGAACCGC 

57 

586 

JN654500 

1, 2,3,4,  a"’” 

qgL28 

F:  GTCCCGTCGTCCGGGGTTTG 

R:  GCCACCCATGCTTTTTGTGCTCC 

59 

401 

JN654508 

L2,3,4,  a 

qgL29 

F:  TGGACTCCCGTTTCACAAGGCG 

R:  CCACGCTATAATTGGCCCACAAGC 

53 

459 

JN654502 

1,2,3,  a'"’’ 

qgL32 

F:  AGCCCCAACATCCGTTTGACC 

R:  CGTCGGCAAAAGGGACCACCC 

58 

567 

JN654503 

1, 2,3,4,  a™'" 

qgL33 

F:  ACGTGCCACACTCTCTCTCTTTCG 

R:  TGCCTGCTCGAATCAAACCCAGC 

58 

343 

JN654504 

1,2,3 

qgL34 

F:  CGCGTCACCATAGGCTCTTCGC 

R:  AGTTCGGTGTGTGGCCGAGC 

58 

408 

JN654507 

1,2,3,  a'"'°,  b''^ 

qgL36 

F:  AGCGTAACGTAGGGCGTGCAG 

R:  CGGCCGCTTGGAAGGTGGTC 

58 

627 

JN654501 

1, 2,3,4,  a"’^  b"’^  f 

qgL38 

F:  TCACAGGCATACGAAAGCGCC 

R:  GCCGAGCGTAGGCCTAGCATAAC 

58 

454 

JN654505 

1, 2.3,4,  a 

were  excised  and  purified  from  the  gel  using  the  kit  QIAquick  Gel 
Extraction  kit  (QIAGEN).  Excised  fragments  were  concentrated  via 
ethanol  precipitations  to  8 ng/pL  and  cloned  using  the  CloneJET"^ 
PCR  Cloning  kit  (Fermentas)  and  One  Shot  TOPIO  competent  cells 
(Invitrogen).  Transformed  cells  were  plated  on  agar  plates  containing 
ampicillin.  Five  hundred  colonies  were  individually  picked  with  a 
pipette  tip  and  added  directly  to  a 25  pL  PCR  mix  containing  the 
primers  included  in  the  cloning  kit.  Amplified  inserts  were  visualized 
on  a 1%  agarose  gel  stained  with  ethidium  bromide.  Of  the  500 
amplified  inserts,  206  that  ranged  in  size  from  300  to  1200  bp  were 
selected  for  sequencing.  Forty-one  sequences  were  discarded  because 
they  were  either  identical  to  other  sequences  or  did  not  sequence  well. 
The  remaining  165  sequences  were  locally  blasted  against  the 
Parachtes  sp.  mitochondrial  genome  to  ensure  that  there  were  no 
mtDNA  sequences  among  the  selected  inserts,  and  in  all  cases  they 
turned  out  to  be  part  of  the  nuclear  genome.  Subsequently,  we 
j performed  nucleotide  BLAST  searches  against  the  GenBank  database 
! to  characterize  sequences.  Most  sequences  (160  out  of  165)  reported 
! non-significant  BLAST  hits.  Thirty-eight  of  these  sequences  were 
i subsequently  selected  for  primer  design  based  on  features  that  ensured 
, that  they  were  non-coding  regions,  such  as  the  presence  of  multiple 
j stop  codons  in  each  of  the  six  reading  frames,  and  avoiding  poly-A  or 
-G  runs,  which  are  difficult  to  sequence.  The  primer  pairs  designed 
were  initially  screened  in  a set  of  individuals  consisting  of  one  from 
I each  of  the  three  target  species  (//.  glohifer,  H.  gurdus  and  H. 
gredensis)  and  one  belonging  to  a more  distantly  related  species  (//. 


ravaslellus  from  the  Pyrenees).  Each  primer  pair  was  tested  in  a 
standard  25  pL  PCR  mix  with  the  following  conditions:  3 min  at  94° 
C followed  by  30  cycles  of  denaturation  at  94°  C for  30  s,  annealing  at 
three  different  temperatures  of  52°  C,  55°  C and  58°  C for  35  s,  and 
extension  at  72°  C for  1 min,  with  a final  single  extension  step  of  72°  C 
for  10  min.  Of  the  38  previously  selected  loci,  15  produced  a single 
band  product  for  at  least  one  of  the  annealing  temperatures  tested 
and  sequenced  well  in  the  three  target  species  (Table  1).  The 
annealing  temperature  of  the  PCR  reaction  was  subsequently 
optimized  (see  Table  1),  and  the  extension  time  was  adjusted 
according  to  the  length  of  the  fragment. 

Eight  to  10  individuals  of  H.  glohifer  from  different  populations 
were  sequenced  for  each  locus  (Table  2)  to  investigate  how 
informative  the  markers  might  be  for  population  and  phylogeo- 
graphic  studies.  In  addition,  diversity  indices  and  population  statistics 
of  the  anonymous  makers  were  compared  with  those  of  known 
mitochondrial  genes  and  nuclear  introns.  With  this  aim,  a mitochon- 
drial fragment  (IdS-nadl)  spanning  the  3'  half  of  the  16S  rRNA 
ribosomal  subunit  (rrnL),  the  complete  tRNA  leu  {iniLl),  the  5'  half 
of  the  NADH  dehydrogenase  subunit  I (nadi)  and  the  nuclear  intron 
of  the  signal  recognition  particle  54-kDA  subunit  (srp54)  were 
amplified  and  sequenced  for  10  individuals  of//,  glohifer  and  a single 
individual  of  H.  gurdus,  //.  gredensis  and  //.  ravastellus,  respectivelly. 
The  16S-nadI  fragment  was  amplified  with  primer  pairs  LR-N-13398 
(Simon  et  al.  1994)  and  Nl-J-12350  (5'-CCTARTTGRCTAR- 
ARTTRGCRSATCARCCAATTG  -3')  and  the  srp54  with  SRP54fl 
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Table  2. — Overall  diversity  measures  and  statistics  estimated  across  15  anonymous  loci,  srp54  intron  and  I6s-nadl  mitochondrial  fragment  for 
Harpactocrates  glohifer.  Sample  size  (SS)  indicates  the  number  of  individuals  sequenced  for  each  locus,  in  brackets  the  number  of  individuals 
used  in  the  estimations  considering  the  0.9  probability  threshold  in  PHASE.  The  length  (L)  in  bp  for  each  locus  after  sequences  end-trimming  and 
excluding  sites  with  gaps.  The  lengths  of  indels  are  indicated  as  they  occurred  in  each  locus  (N/A:  not  applicable,  if  indels  were  not  observed).  The 
number  of  segregating  sites  (S)  and  haplotypes  (H),  nucleotide  diversity  (n),  minimum  number  of  recombination  events  (Rm)  of  Hudson  (1985), 
linkage  disequilibrium  statistic  (ZZ)  of  Rozas  et  al.  (2001),  Tajima’s  D test  (D)  of  Tajima  (1989),  and  the  HKA  test  of  Hudson  (1987).  Not 
significant  (ns)  and  significant  (*)  values  at  P < 0.05  of  statistics  after  coalescence  simulations. 


Locus 

H.  glohifer 

HKA  Test  (H.  glohiferl 
H.  gredensis)  srp54  vs. 
other  locus 

SS 

L 

Indel  length 

S 

H 

n 

Rm 

ZZ 

D 

qgLl 

10  (10) 

313 

N/A 

8 

3 

0.0031 

0 

0.0000 

-1.9072  * 

p = 0.4764  ns 

qgL5 

10  (10) 

342 

N/A 

5 

4 

0.0039 

2 ns 

0.0477  ns 

-0.1917  ns 

P = 0.5292  ns 

qgLlO 

9(6) 

540 

1,  8 

12 

7 

0.0057 

0 

0.1707  ns 

-0.9653  ns 

P = 0.7549  ns 

qgL12 

8(8) 

542 

1,  2 

16 

7 

0.0071 

0 

0.2002  ns 

-0.8083  ns 

P = 0.2500  ns 

qgL21 

10(9) 

496 

1,  2 

15 

10 

0.0088 

1 ns 

0.1057  ns 

-0.0070  ns 

P = 0.7649  ns 

qgL22 

10(10) 

429 

3,  1,  2 

16 

5 

0.0140 

0 

0.0360  ns 

1.2410  ns 

P = 0.4838  ns 

qgL25 

10(9) 

223 

6,  1 

1 

2 

0.0009 

0 

0.1170  ns 

-0.5290  ns 

P = 0.2839  ns 

qgL26 

10(8) 

512 

N/A 

2 

3 

0.0005 

0 

0.0000 

- 1 .4979  * 

P = 0.3564  ns 

qgL28 

10  (10) 

317 

N/A 

8 

6 

0.0068 

0 

- 0.0570  ns 

-0.1529  ns 

P = 0.4341  ns 

qgL29 

10(9) 

373 

N/A 

12 

6 

0.0070 

1 ns 

0.1465  ns 

-0.9463  ns 

P = 0.9255  ns 

qgL32 

10(9) 

490 

5,  11,  3,  10 

21 

5 

0.0119 

0 

0.0665  ns 

-0.1766  ns 

P = 0.5201  ns 

qgL33 

10  (10) 

266 

N/A 

12 

7 

0.0142 

1 ns 

-0.0074  ns 

0.4320  ns 

P = 0.5290  ns 

qgL34 

10  (10) 

319 

1 

13 

8 

0.0108 

0 

0.0678  ns 

-0.4578  ns 

P = 0.8684  ns 

qgL36 

10(8) 

552 

N/A 

11 

6 

0.0057 

0 

-0.0444  ns 

-0.1786  ns 

P = 0.5850  ns 

qgL38 

10(9) 

366 

N/A 

5 

3 

0.0067 

0 

0.2154  ns 

2.1431  ns 

P = 0.3583  ns 

srp54 

10  (10) 

119 

N/A 

7 

8 

0.0165 

1 ns 

-0.0154  ns 

-0.0165  ns 

- 

16S-nadl 

10  (10) 

851 

1 

76 

9 

0.0237 

7 ns 

-0.0103  ns 

-1.5465  ns 

P = 0.1021  ns 

and  SRP52rl  (Jarman  et  al.  2002).  PCR  conditions  were  as  follows: 
94°  C for  2 min;  35 X (94°  C for  35  s;  45°  C for  45  s for  I6S-uculI  and 
from  45°  C to  50°  C for  35  s for  srp54\  72°  C for  45  s for  I6S-mulI  and 
35  s for  srp54\  72°  C for  5 min). 

The  allelic  phase  of  heterozygotic  individuals  was  resolved  using  the 
algorithms  provided  by  PHASE  (Stephens  et  al.  2001;  Stephens  & 
Donnelly  2003)  and  implemented  in  DnaSP  v5  (Librado  & Rozas 
2009).  In  the  case  where  direct  sequencing  detected  multiple  copies  of 
different  lengths,  either  as  a result  of  heterozygote  individuals  or 
paralogy,  the  PCR  products  were  cloned  and  four  to  eight  colonies 
sequenced.  Cloning  results  were  compatible  with  alleles  of  different 
length  (i.e.,  high  sequence  similarity)  rather  than  paralogous  copies, 
assuming  that  polymorphisms  due  to  singleton  mutations  among 
sequenced  colonies  represented  errors  of  the  Taq  polymerase  enzyme 
or  cloning  artifacts  (see  Villablanca  et  al.  1998;  Calderon  et  al.  2009; 
Cummings  et  al.  2010;  Dawson  et  al.  2010). 

The  taxonomic  range  of  applicability  of  the  novel  markers  was 
evaluated  by  screening  a sample  of  specimens  belonging  to  groups  at 
different  hierarchical  levels:  Parachtes  roniaiuliolae  Caporiacco  1949 
and  Dysdera  erythrina  Walckenaer  1802  (Araneomorphae,  Haplogy- 
nae,  Dysderidae,  Dysderinae),  Harpactea  corticalis  Simon  1882 
(Araneomorphae,  Haplogynae,  Dysderidae,  Harpacteinae),  Loxosce- 
les  ntfescens  Dufour  1820  (Araneomorphae,  Haplogynae,  Sicariidae), 
Troglohyphantes  hicifiiga  Simon  1884  and  T.  pedenioiUanus  Gozo 
1908  (Araneomorphae,  Entelegynae,  Linyphiidae),  and  Neniesia 
nindu  Decae  2005  and  Iherexia  hrctiini  L.  Koch  1882  (Mygalomor- 
phae,  Nemesiidae).  Two  independent  PCR  amplifications  were 
performed  for  each  locus  using  the  following  touchdown  cycle:  94° 
C 2 min;  lOX  [94°  C for  35  s,  63°  C for  35  s (-0.5°  C/cycle),  72°  C for 
I min];  lOX  [94°  C for  35  s,  58°  C for  35  s,  72°  C for  1 min];  15x  [94° 
C for  35  s,  52°  C for  35  s.  72°  C for  1 min];  72°  C for  10  min.  Results 
of  the  amplification  success  are  summarized  in  Table  1. 

The  average  interspecific  sequence  divergence  {p  distance)  of  the 
anonymous  loci  calculated  with  DnaSP  v5  ranged  from  0.02% 
(qgL26)  to  8.1%  (qgL28)  between  H.  glohifer  and  H.  gurdiis,  0.41% 
(qgL26)  to  6.9%  (qgL33)  between  H.  glohifer  and  H.  gredensis,  1.8% 


(qgL25)  to  11.1%  (qgLl)  between  H.  glohifer  and  H.  ravastellus, 
0.39%  (qgL26)  to  8.5%  (qgL28)  between  H.  giirdus  and  H.  gredensis, 
1.3%  (qgL25)  to  13.9%  (qgL28)  between  H.  gurdusand  H.  ravastellus, 
and  2.4%  (qgL25)  to  9.4%  (qgLl)  between  H.  gredensis  and  H. 
ravastellus.  Percent  nucleotide  diversity  within  H.  glohifer  ranged 
from  0.05%  (qgL26)  to  1.4%  (qgL33).  Genetic  diversity  indices, 
recombination  and  linkage  disequilibrium  measures  and  neutrality 
tests  were  calculated  for  each  locus  in  H.  glohifer  using  DnaSP  v5. 
Results  are  summarized  in  Table  2.  We  applied  the  HKA  test  of 
Hudson  (1987)  to  assess  whether  levels  of  polymorphism  and 
divergence  were  correlated,  as  predicted  by  neutral  theory.  The  test 
was  performed  by  comparing  polymorphism  in  H.  glohifer  and 
divergence  between  H.  glohifer  and  H.  gredensis  in  the  intron  srp54 
versus  each  of  the  15  anonymous  loci  and  versus  the  mitochondrial 
fragment  I6.s-nadl . Neither  recombination  nor  linkage  disequilibrium 
were  found  at  any  locus.  None  of  the  HKA  tests  showed  deviation 
from  neutral  predictions,  although  Tajima’s  D test  showed  significant 
negative  values  for  the  loci  qgLl  and  qgL26.  The  mitochondrial 
fragment  16S-nadl  was  1 .4  times  more  variable  than  the  intron  srp54, 
and  from  1.7  to  47  times  more  variable  than  the  anonymous  loci 
qgL33  and  qgL26,  which  are  the  most  and  least  variable  AN  M’s, 
respectively. 

This  study  reports  the  first  ANMs  ever  designed  specifically  for 
spiders.  These  kinds  of  markers,  however,  have  been  isolated  and 
extensively  applied  in  other  organisms;  e.g.,  grasshoppers  (Carstens  & 
Knowles  2006),  halfbeaks  and  killifishes  (De  Bruyn  et  al.  2010a,  b), 
oysters  (Hare  et  al.  1996),  birds  (Lee  & Edwards  2008)  and  lizards 
(Rosenblum  et  al.  2007;  Noonan  & Yoder  2009).  ANMs  are 
promising  markers  for  multilocus  approaches  at  the  population  and 
species  level  of  closely  related  and  recently  diverged  species,  as  has 
been  shown  in  recent  studies  (Carstens  & Knowles  2007a;  Carstens  & 
Richards  2007;  Knowles  et  al.  2007;  Lee  & Edwards  2008).  The  novel 
ANMs  designed  here  are  potentially  useful  not  only  for  the  target 
species,  but  also  for  more  distantly  related  species  in  the  genus  (e.g., 
H.  ravastellus),  as  well  as  for  species  in  related  genera  (e.g.  Parachtes), 
or  even  subfamilies  (e.g.,  Dy.sdera,  see  Table  1).  However,  the 
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applicability  of  these  novel  markers  is  compromised  at  higher 
taxonomic  levels.  A significant  and  negative  relationship  between 
performance  and  evolutionary  distance  from  the  target  species  is  also 
observed  among  the  popular  microsatellite  markers  (Primmer  et  al. 
1996).  Although  the  strategy  implemented  in  our  study  greatly 
facilitates  and  speeds  up  the  isolation  of  variable  markers  for 
populations  and  species,  the  advent  of  the  so-called  next-generation 
sequencing  (NGS)  methods  promise  to  revolutionize  the  discovery  of 
novel  markers  in  non-model  organism  even  further.  In  fact,  the 
protocols  used  here  for  ANM  isolation  can  be  easily  coupled  with 
NGS  methods,  simply  by  replacing  the  cloning  step,  to  generate 
literally  hundreds  or  thousands  of  novel  markers  for  spiders. 
Moreover,  NGS  allows  sequencing  of  lots  of  markers  from  multiple 
individuals  and  populations  simultaneously.  No  doubt  NGS  methods 
will  spawn  a whole  new  era  for  phylogenetic,  phylogeographic  and 
population  genetic  studies  in  spiders  and  their  allies. 
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SHORT  COMMUNICATION 

Nesliciis  eremita  (Araneae:  Nesticidae):  redescription  of  a potentially  invasive  European  spider  found  in 

New  Zealand 

Cor  J.  Vink'-^  and  Nadine  Duperre-"*:  'Biosecurity  Group,  AgResearch,  Private  Bag  4749,  Christchurch  8140,  New 
Zealand.  E-mail:  cor.vink@agresearch.co.nz;  -Entomology  Research  Museum,  PO  Box  84,  Lincoln  University,  Lincoln 
7647,  New  Zealand;  -''Division  of  Invertebrate  Zoology,  American  Museum  of  Natural  History,  Central  Park  West  at 
79th  Street,  New  York,  NewYork  10024  USA 

Abstract.  Nesticus  eremita  Simon  1879  is  naturally  found  in  caves  in  southern  Europe.  It  has  also  invaded  and  established 
itself  in  Germany  and  has  now  been  found  in  an  abandoned  air-raid  tunnel  in  Auckland,  New  Zealand.  A diagnosis, 
redescription,  full  synonymy  and  illustrations  are  presented  to  aid  in  the  identification  of  this  potentially  invasive  spider. 

Keywords:  Cave  spider,  invasive  species,  taxonomy,  troglophile 


A number  of  species  in  the  family  Nesticidae  have  invaded  areas 
outside  their  natural  range.  Nesticus  cellulanus  (Clerck  1757)  is 
originally  from  Europe,  but  is  now  found  in  the  northeastern  USA 
‘ and  Quebec  (Gertsch  1984;  Paquin  & Duperre  2003;  Paquin  & 
Hedin  2005).  Eidmamtella  pallida  (Emerton  1875)  was  originally 
from  North  and  Central  America  (Gertsch  1984),  but  is  now 
found  throughout  the  world  (Platnick  2011).  Nesticella  mogera 
(Yaginuma  1972),  is  native  to  Asia  but  introduced  to  Fiji,  Germany 
and  Hawaii  (Lehtinen  & Saaristo  1980;  Gertsch  1984;  Kielhorn 

2009) . 

Here  we  document  another  nesticid  that  has  spread  outside  its 
natural  range.  Nesticus  eremita  Simon  1879  occurs  naturally  in  caves 
throughout  Italy,  southeast  France,  Corsica,  Switzerland,  Slovenia, 
Croatia,  Montenegro,  Bosnia-Herzegovina  and  Greece  (Lessert  1906, 
1910;  Kratochvil  1933;  Dresco  1966;  Dresco  & Hubert  1967;  Brignoli 
1971,  1977;  Deeleman-Reinhold  1974;  Maurer  & Hanggi  1990).  It  is 
I also  found  in  cave-like  synanthropic  habitats  (e.g.,  tunnels,  cellars, 
catacombs,  railroad  track  ballast,  wells)  in  its  natural  range  (Brignoli 
1971;  Maurer  & Hanggi  1990)  and  where  it  is  adventive  in  Austria 
(Knoflach  & Thaler  1998)  and  Germany  (Jiiger  1995,  1998;  Staudt 

2010) .  Nesticus  eremita  has  established  populations  in  sewer  tunnels  in 
[ the  German  cities  of  Cologne,  Mainz  and  Mannheim  (Jager  1995, 

1998).  These  cites  are  all  on  the  Rhine  River,  and  N.  eremita  may  have 
I spread  downstream  from  its  endemic  range  in  the  Alps  either 
I naturally  or  via  human  transport  (Jager  1998).  Given  that  the  sewer 
tunnels  in  which  N.  eremita  was  found  were  not  much  more  than 
100  years  old  (Jager  1995,  1998)  and  that  the  spider  fauna  of  Central 
' Europe  is  well  known  (e.g.,  Heimer  & Nentwig  1991),  it  appears  that 
N.  eremita  has  become  established  in  Germany  comparatively 
recently. 

On  21  June  2000,  CJV  and  Grace  Hall  went  to  an  abandoned  air- 
raid tunnel  in  Alten  Reserve  (36°51.04'S,  174°46.42'E)  in  central 
Auckland  in  search  of  the  Australian  stiphidiid  Procamhridgea  grayi 
I Davies  2001,  which  had  been  collected  from  there  in  1999  (Davies  & 
Lambkin  2001).  No  specimens  of  P.  grayi  were  found,  but  a single 
I male  N.  eremita  was  collected  from  a web  near  the  entrance  of  the 
I tunnel.  Neither  collector  recognized  the  specimen  as  belonging  to 
Nesticidae,  as  that  family  had  not  been  recorded  from  New  Zealand 
I (Paquin  et  al.  2010;  Sirvid,  et  al.  2011).  The  specimen  was  preserved  in 
70%  EtOH,  labeled  and  put  amongst  the  unsorted  material  at  the 
New  Zealand  Arthropod  Collection  (NZAC);  it  remained  there  until 
1 November  2010  when  CJV  noticed  it  while  searching  for  specimens  of 
j Mimetidae. 


It  seems  almost  certain  that  N.  eremita  arrived  in  Auckland  via  a 
shipping  container,  as  the  tunnel  entrance  in  Alten  Reserve  is  only 
600  meters  from  the  Port  of  Auckland,  which  is  one  of  New  Zealand’s 
busiest  seaports.  The  air-raid  tunnels  beneath  Albert  Park  in 
Auckland  city  are  extensive  and  were  partially  filled  with  unfired 
bricks  at  the  end  of  the  Second  World  War,  when  most  of  the 
entrances  were  blocked  off  (Pilkington  2008). 

The  male  specimen  collected  had  built  a web  and  was  in  good 
condition.  It  would  be  extremely  unlikely  that  the  single  male 
collected  had  lived  long  enough  to  stow  away  with  cargo,  made  the 
journey  from  Europe  to  New  Zealand  (it  takes  about  40  days  for  a 
cargo  ship  to  sail  from  Italy  to  Auckland  (M.R.  McNeill  pers. 
comm.)),  walked  the  600  m from  the  port  to  the  tunnel  and  then  made 
a web.  It  is  more  likely  that  the  male  was  part  of  an  established 
population  or,  at  the  very  least,  the  offspring  of  a gravid  female  that 
did  live  long  enough  to  make  the  journey  from  Europe.  The 
establishment  of  N.  eremita  in  Auckland  needs  further  confirmation. 
Unfortunately,  the  entrance  to  the  tunnel  where  the  single  male 
specimen  of  N.  eremita  was  collected  in  2000  has  since  been  blocked 
off,  so  it  was  not  possible  to  search  for  further  specimens  and  confirm 
whether  there  is  still  a population  there. 

Given  that  people  generally  do  not  spend  a great  deal  of  time 
looking  for  small  spiders  in  sewers  and  abandoned  tunnels,  it  is  quite 
possible  that  N.  eremita  has  spread  to  other  parts  of  the  world  and 
established  undetected  populations.  The  presence  of  N.  eremita  in 
human-made  tunnels  in  Auckland,  Cologne,  Mainz  and  Mannheim 
does  not  present  an  immediate  threat  to  natural  ecosystems.  However, 
if  this  species  were  to  spread  to  natural  cave  systems  outside  its  native 
range,  it  has  the  potential  for  making  ecological  impacts.  Invasive 
spider  species  can  harm  endemic  spiders  through  competitive 
displacement  (Nyffeler  et  al.  1986;  Hann  1990;  Bednarski  et  al. 
2010),  and  invasive  arthropod  predators  can  impact  native  commu- 
nities (Snyder  & Evans  2006).  This  may  be  even  more  of  a concern 
in  cave  ecosystems,  which  may  be  more  at  risk  from  ecological 
disturbance  (Reeves  2001). 

The  species  descriptions  of  N.  eremita  are  all  in  relatively 
inaccessible  publications,  not  in  English  or  do  not  feature 
diagnostic  illustrations  of  male  and  female  genitalia  together.  To 
facilitate  the  identification  of  this  potentially  invasive  species  we 
present  a full  synonymy,  diagnosis,  brief  redescription  and 
illustrations  of  the  habitus,  male  pedipalp  and  female  epigynum. 
Terminology  of  the  male  pedipalpal  structures  follows  Agnarsson 
et  al.  (2007). 
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Figures  !^. — Nesticus  eremita,  female  from  Mannheim,  male  from  Mainz,  Germany.  1.  Habitus,  female;  2.  Male  left  pedipalp,  ventral  view, 
tta  = theridioid  tegular  apophysis,  e = embolus,  ma  = median  apophysis,  t = tegulum,  st  = subtegulum,  pc  = paracymbium;  3.  External 
genitalia,  ventral  view,  co  = copulatory  opening,  ms  = medium  septum;  4.  Internal  genitalia,  dorsal  view. 


TAXONOMY 

Nesticidae  Simon  1894 
Nesticinae  Simon  1894 
Nesticus  Thorell  1 869 
Nesticus  eremita  Simon  1879 
(Figs.  IM) 

Nesticus  eremita  Simon  1879:258;  Simon  188:48,  pi.  26,  fig.  8;  Lessert 
1906:610,  pi.  20,  figs.  3-5;  Lessert  1910:300,  figs.  164-166;  Simon 
1929:658,  753,  figs.  1015,  1016;  Dresco  1966:805;  Dresco  & Hubert 
1967:3;  Brignoli  1971:206,  figs.  118-122;  Deeleman-Reinhold 
1974:12,  fig.  9;  Brignoli  1975:28;  Kratochvil  1978:39,  figs.  3,  4; 
Thaler  1981:274,  figs.  6,  8;  Heimer  & Nentwig  1991:276,  fig.  732; 
Jager  1998:13,  fig.  lA. 

Theridion  parenzani  Trossarelli  1931:13,  fig.  1 (Synonymized  by 
Brignoli  1975); 

Nesticus  strasseri  Roewer  1931:14,  fig.  11,  13c,  d (Synonymized  by 
Kratochvil  1933). 


Nesticus  eremita  italica  Caporiacco  1934:401,  figs.  2,  3 (Synonymized 
by  Dresco  & Hubert  1967).  | 

Nesticus  speluncarum  eremita  Kratochvil  1933:40,  63,  figs.  3,  13,  14, 
27-30;  Wiehle  1963:435,  figs.  8-10;  Wiehle  1967:193,  figs.  45,  46 
(Synonymized  by  Dresco  & Hubert  1967). 

Ivesia  eremita  Lehtinen  & Saaristo  1980:51  (Transferred  from 
Nesticus). 

Material  examined. — NEW  ZEALAND:  Auckland,  Alten  Reserve, 

21  June  2000,  C.J.  Vink  & G.  Hall  leg,  Id  (NZAC).  GERMANY: 
Mannheim,  24  November  1997,  P.  Jager  leg.  Id  19  (AMNH);  Mainz, 

2!  May  1996,  P.  Jager  leg.  Id  19  (AMNH). 

Diagnosis. — Nesticus  eremita  can  be  distinguished  from  other 
Nesticidae  by  features  of  the  male  pedipalp  (Fig.  2),  particularly  the 
structure  of  the  theridioid  tegular  apophysis,  the  shape  of  the  large, 
unbranched  paracymbium  and  the  structure  of  the  external  genitalia 
of  the  female  (Fig.  3).  The  theridioid  tegular  apophysis  is  more 
compact  than  that  of  N.  cellulanus,  and  the  distal  end  of  the 
paracymbium  is  rounded.  The  slit-like  copulatory  openings  of  the 
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external  genitalia  diverge  anteriorly  and  the  medium  septum  narrows 
posteriorly,  whereas  in  N.  celliilaniix,  the  copulatory  openings 
converge  anteriorly,  and  the  medium  septum  is  wide  posteriorly. 

Redescription. — Color  in  alcohol:  Male  carapace  light  yellow; 
abdomen  off-white;  legs  yellow,  metatarsi,  tarsi  of  legs  I,  II  light 
orange.  Female  carapace  light  yellow  with  black  trident-shaped  mark 
extending  from  fovea  to  lateral  eyes  (Fig.  1);  abdomen  off-white  with 
dark  pattern  (Fig.  1);  legs  yellow-orange  with  dark  bands  (Fig.  1). 

Male  pedipalp  (Fig.  2):  theridioid  tegular  apophysis  compact,  with 
several  pointed  projections;  paracymbium  long,  unbranched  with 
rounded  end.  Male  chelicerae  with  3 promarginal  teeth,  5 retro- 
marginal  denticles. 

Epigynum  (Fig.  3)  with  slit-like  copulatory  openings  that  diverge 
anteriorly,  medium  septum  narrow  posteriorly;  internal  genitalia 
(Fig.  4)  with  branched  spermathecae.  Female  chelicerae  with  3 
promarginal  teeth,  10  retromargina!  denticles. 

Dimensions  (mm).  Male  (Auckland):  total  length  3.5;  carapace 
length  1.9,  width  1.8,  height  0.8;  abdomen  length  2.6,  width  1.4; 
sternum  length  1.1,  width  1.1;  total  length  of  leg  I 16.7,  leg  II  1 1.7,  leg 
III  8.7,  leg  IV  11.9.  Female  (Mainz):  total  length  5.2;  carapace  length 
2.1,  width  1.7,  height  0.9;  abdomen  length  3.3,  width  2.3;  sternum 
length,  1.1,  width  1.1;  total  length  of  leg  I 15.8,  leg  II  10.9,  leg  III  7.7, 
leg  IV  11.2. 

Variation. — Female:  Carapace  length  1.7-2. 6;  total  length  3. 8-5.4. 
Male:  Carapace  length  1.7-2. 3;  total  length  3. 5-4.7.  Based  on 
material  examined  and  Jager  (1998).  The  degree  of  pigmentation  in 
N.  eremita  can  vary  (Jager  1998);  we  observed  uniformly  light  colored 
specimens  and  specimens  with  a contrasting  color  pattern  on  the 
abdomen  and  legs  (Fig.  1 ). 

Distribution. — Nesticus  eremita  is  found  in  caves  in  its  natural  range 
throughout  Italy,  southeast  France,  Corsica,  Switzerland,  Slovenia, 
Croatia,  Montenegro,  Bosnia-Herzegovina  and  Greece.  It  has  also 
been  found  in  synanthropic  habitats  (e.g.,  tunnels,  cellars,  catacombs, 
railroad  track  ballast,  wells)  in  Italy,  Switzerland,  Austria,  Germany 
and  New  Zealand  (Auckland). 

Biology. — Like  most  nesticids,  Nesticus  eremita  is  a troglophile. 
Specimens  of  N.  eremita  that  live  well  away  from  sunlight  have  less 
somatic  pigmentation  and  reduced  tapeta  (Jager  1998). 

DNA  sequences. — DNA  sequences  from  the  mitochondrial  genes 
cytochrome  c oxidase  subunit  1 (COI)  (GenBank  accession  number 
EU746436)  and  16S  ribosomal  RNA  (EU746445)  were  reported  in 
Lopez-Pancorbo  & Ribera  (201 1). 

Remarks. — The  position  of  the  trichobothrium  on  metatarsus  1 has 
been  promoted  as  an  important  character  for  distinguishing  between  N. 
eremita  &nd  N.  cellidcmus  (WiehXe.  1963;  Thaler  1981;  Heimer&  Nentwig 
1991)  and  for  higher  nesticid  taxonomy  (Lehtinen  & Saaristo  1980); 
however,  Jager  (1998)  found  that  this  character  was  not  diagnostic 
between  N.  eremita  and  N.  celhikmus.  Lehtinen  & Saaristo  (1980) 
transferred  Nesticus  eremita  to  the  genus  Ivesia  Petrunkevitch  1 925,  but 
Kaston  (1945)  and  Gertsch  (1984)  considered  Nesticus  a senior 
synonym  of  Ivesia.  The  pedipalpal  sclerites  of  N.  eremita  are  similar 
to  those  of  N.  cellulanus,  the  type  species  of  Nesticus.  and  appear  to  be 
homologus.  These  two  species  also  appear  to  be  closely  related  based  on 
a phylogenetic  analysis  of  mitochondrial  DNA  (Lopez-Pancorbo  & 
Ribera  2011).  There  are  European  Nesticus  species  with  greater 
morphological  similarities  to  N.  eremita  (e.g.,  N.  spehmcarum  Pavesi 
1873,  N.  henderickxi  Bosselaers  1998),  but  unlike  N.  cellulanus,  these 
species  are  only  known  from  their  natural  cave  habitats  and  have 
limited  distributions  (Dresco  1966;  Brignoli  1971;  Bosselaers  1998). 
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SHORT  COMMUNICATION 

Distribution  of  Bmchypebmi  vagam  (Theraphosidae)  burrows  and  their  characteristics  in 

Belize  over  two  years 

Emma  M.  Shaw,  Susan  P.  Bennett  and  C.  Philip  Wheater:  Department  of  Environmental  and  Geographical  Sciences, 
Manchester  Metropolitan  University,  Manchester,  M15  5GD,  UK.  E-mail:  spideremma.shaw@gmail.com 

Abstract.  To  help  to  address  the  paucity  of  ecological  knowledge  available  for  Brachypelnui  vagans  Ausserer  1875,  a 
CITES  protected  species,  we  monitored  a population  in  Western  Belize  for  two  years  to  provide  data  for  distribution  and 
dispersal.  Despite  previous  over-collection  for  the  pet  trade,  the  species  is  locally  highly  abundant  in  some  areas  of  Belize. 

We  recorded  the  distribution,  burrow  and  spider  characteristics  of  B.  vagans  in  2007  and  2008  at  Las  Cuevas  Research 
Station,  Belize.  Population  dynamics  were  compared  between  years,  as  was  individual  location.  Over  100  burrows  were 
located  in  both  years;  however,  previous  assumptions  that  individuals  do  not  move  burrows  regularly  appear  negated,  since 
only  12  burrow  locations  matched  between  years,  suggesting  high  intra-habitat  dispersal.  Despite  this  apparent  high  level  of 
movement  burrows  were  significantly  clumped,  to  a similar  degree,  in  both  years.  This  movement  could  be  due  to 
disturbances  throughout  the  year,  including  Hooding  during  the  rainy  season.  Burrow  size  correlated  with  individual  body 
size,  except  in  a few  juveniles  that  appear  to  have  opportunistically  claimed  an  empty  burrow,  accounting  for  some  small 
animals  found  in  large  burrows. 

Keywords:  Burrow,  Belize,  ecology,  red-rump  tarantula,  population  structure 


Brachypelma  vagans  Ausserer  1875  is  one  of  the  most  ubiquitous 
Brachypelnui  species  of  Neotropical  lowland  forest  habitats.  As  these 
tarantulas  are  long  lived,  brightly  coloured,  and  usually  docile,  they 
are  popular  pets  and  suffer  from  over-harvesting,  now  being  listed  as 
threatened  CITIES  Appendix  II  species  (Peterson  et  al.  2006).  Despite 
B.  vagans  having  the  widest  distribution  of  Brachypelnui  species 
(being  recorded  from  Mexico,  Belize  and  other  parts  of  Central 
America:  Reichling  1999),  there  is  limited  information  on  its  ecology 
and  habitat  preferences  (e.g.,  Yanez  & Floater  2000;  Henaut  & 
Machkour-M’Rabet  2005;  Machkour-M’Rabet  et  al.  2007;  Dor  et  al. 
2008),  with  most  studies  on  Brachypelnui  tarantulas  concerning  their 
geographic  distributions  (Valerio  1980;  Smith  1986;  Edwards  & 
Hibbard  1999;  Locht  et  al.  1999),  systematics  (Coddington  & Levi 
1991;  Perez-Miles  et  al.  1996)  and  genetics  (Longhorn  2002; 
Longhorn  et  al.  2007;  Machkour-M'Rabet  et  al.  2009).  The  rarity 
of  some  Brachypelma  species  (e.g.,  Yanez  & Eloater  2000),  combined 
with  habitat  degradation  and  illegal  capture  and  trade,  suggests  the 
need  for  captive  breeding  prior  to  reintroduction  (Yanez  et  al.  1999). 
It  is  essential  therefore,  to  obtain  detailed  knowledge  of  their  habitat 
requirements  and  changes  within  populations  to  provide  a greater 
understanding  of  the  factors  influencing  their  spatial  distribution  and 
population  dynamics. 

Brachypelma  vagans  construct  burrows  with  single  entrances  where 
they  spend  the  day,  spinning  silk  around  the  entrance  to  transmit 
vibrations  from  prey  movements  (Yanez  & Floater  2000).  They  are 
nocturnal  predators  feeding  mainly  on  ground-dwelling  arthropods 
and  possibly  small  vertebrates  (Marshall  1996).  Machkour-M’Rabet 
et  al.  (2007)  found  densities  of  B.  vagans  to  be  higher  in  open  rather 
than  forest  sites  and  with  high  densities  of  burrows  characterised  by 
deep  clayish  soils,  which  is  unsurprising  given  that  individuals,  on  the 
whole,  dig  their  own  burrows.  Little  is  known  about  burrow  fidelity 
and  which  factors  cause  burrow  relocation,  although  some  field 
observations  suggest  that  females  locate  occupied  burrows  of 
conspecifics  and  attack  and  consume  the  residents  (Henaut  & 
Machkour-M’Rabet,  2005).  Lack  of  long-term  distributional  data 
for  any  B.  vagans  population  poses  difficulties  in  determining  the  level 
of  intra-population  movement,  whether  burrow  swapping  occurs,  or 
the  distances  that  individuals  move  to  find,  or  dig,  a new  burrow.  The 


current  study  examines  the  population  dynamics  and  distribution  of 
one  B.  vagans  population  for  two  consecutive  years  to  elucidate 
patterns  of  movement  and  activity  and  provide  an  understanding  of 
the  habitat  requirements  and  population  pressures  on  the  species. 

The  techniques  used  over  the  two  years  were  identical.  The  study 
site  at  Las  Cuevas  Research  Station,  Chiquibul  rain  forest  area,  Cayo 
district,  Belize  (GPS  location  88°59.188'W,  16°43.990'N,  elev.  583  m) 
is  classified  as  lowland  tropical  broad-leafed  rain  forest,  which 
stretches  from  the  Caribbean  coast  of  Mexico,  through  Belize  and 
into  Honduras  and  the  Peten  region  of  Guatemala.  The  study 
population  of  B.  vagans  is  in  the  clearing  (150  x 121  m)  surrounding 
research  station  buildings,  which  are  mainly  to  the  south  side  (the 
current  research  concentrated  on  the  north  side  of  the  clearing:  98  X 
121  m).  Belt  transects  (1  m wide)  were  laid  perpendicular  to  the  back 
of  the  clearing  (where  it  met  forest  undergrowth)  and  systematically 
searched  for  signs  of  burrows,  which  were  labelled  using  a numbered 
fiag  to  enable  easy  relocation  at  night,  when  individuals  were 
extracted  for  measurement.  The  location  of  each  burrow  and  its 
opening  dimensions  (using  the  widest  width  and  longest  length  of  the 
mouth)  were  recorded.  The  surveys  took  place  in  June  and  July  in 
both  2007  and  2008. 

Visiting  burrows  at  night  when  individuals  sat  at  the  burrow  mouth 
gave  a clear  indication  of  occupancy  and  helped  to  minimize  stress 
when  removing  animals  using  a fishing  technique  (Reichling  2003) 
involving  a blade  of  grass  waved  to  mimic  prey  movements.  Once  the 
individual  was  removed,  the  entrance  was  blocked  and  the  individual 
placed  in  a clear  plastic  bag  to  allow  manipulation  and  measurement. 
When  individuals  were  not  seen,  the  burrow  was  monitored  for  signs 
of  occupancy  (e.g.,  silk  and  soil  extracted  from  the  burrow). 

The  minimum  distance  between  burrows  was  calculated  using 
trigonometry,  and  aggregation  between  burrows  was  assessed  using 
nearest  neighbour  analysis  (e.g.,  Wheater  et  al.  2011).  The  index  of 
aggregation  was  calculated  as  the  ratio  between  the  mean  and  the 
expected  distances  between  burrows  (where  the  expected  distance  was 
estimated  as:  l/[2v density]).  Independent  samples  /-tests  were  used  to 
examine  differences  in  nearest  neighbor  distances  between  years  to 
determine  whether  clustering  differs  between  years  (see  Krebs  1999 
for  a fuller  explanation  of  nearest  neighbor  analysis).  A Pearson’s 
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Figure  1. — Schematic  representation  of  the  location  of  all  burrows  located  in  2007  and  2008  on  the  north  side  of  the  Las  Cuevas  Research 
Station  clearing.  The  clearing  boundaries,  path  and  buildings  and  flood  zone  are  all  shown  for  reference  (shaded  areas). 


product  moment  correlation  coefficient  was  used  to  determine 
relationships  between  spider  and  burrow  size,  for  all  caught 
individuals,  in  each  year. 

Over  100  burrows  were  located  (108  in  2007  and  107  in  2008),  of 
which  80  were  occupied  in  2007,  and  73  in  2008.  More  individuals 
were  extracted  in  2007  (48  compared  to  26  in  2008),  and  there  was  a 
higher  percentage  of  juveniles  in  2007  (41%)  than  in  2008  (7%). 
Despite  the  similarity  in  burrow  numbers  found  in  both  years,  it  is 
evident  from  Fig.  I that  their  distribution  is  markedly  different  with 
only  12  present  from  1 year  to  the  next.  Many  burrows  were  located 
around  buildings  and  on  the  edges  of  a concrete  path.  A large  number 
of  burrows  were  found  in  the  west  side  of  the  clearing  in  2007, 
whereas  in  2008  the  proportion  present  in  this  area  was  reduced.  An 
area  prone  to  flooding  had  few  burrows  present  in  either  year  (Fig.  1 ). 

There  was  no  significant  difference  between  mean  nearest  neighbour 
distances  between  burrows  in  2007  and  2008  (f  = 1.658,  df  = 213,  F = 
0.099;  2007:  mean  = 3.88  (SE  = 0.31 ) m;  2008:  mean  =3. 16  (SE  = 0.27) 
m).  Burrows  were  significantly  clumped  in  both  2007  (Z  = 4.43,  df  = 
107,  P < 0.0001)  and  2008  (Z  = 7.23,  df  = 106,  P < 0.0001),  with 
similar  indices  of  aggregation  (2007:  1 ,4  = 0.64;  2008:  I a = 0.60).  For 
occupied  burrows,  there  was  no  significant  difference  between  the 
nearest  neighbour  distances  between  years  (t  = 1.02,  df  = 152,  R = 
0.331;  Table  1).  In  both  years,  occupied  burrows  were  significantly 
clumped  (2007:  1,4  = 0.77,  Z = 4.43,  df=  79,  P < 0.0001;  2008:  I a = 
0.70,  Z = 5.41,  df=  72,  P < 0.0001).  However,  the  spatial  distribution 
of  burrows  differed  between  years  (Fig.  1 ) with  those  containing  adults 
being  more  clustered  than  those  with  juveniles,  and  areas  where 
burrows  were  found  in  one  year  but  not  in  the  other. 

For  each  year,  the  occupied  burrow  size  was  significantly  positively 
correlated  with  spider  body  length  (2007:  r = 0.376,  n = 48,  F = 
0.008;  2008:  r = 0.424,  n = 26,  P = 0.031;  Fig.  2),  and  in  general 
larger  spiders  were  found  in  larger  burrows  with  some  exceptions  of 
small  juveniles  inhabiting  what  appeared  to  be  abandoned  adult 
burrows. 

Despite  similar  numbers  of  burrows  being  found  in  both  years,  the 
locations  were  markedly  different,  suggesting  that  individuals  move 
between  pre-existing  burrows  or  to  new  burrows.  Examination  of  the 
clearing  in  2008  revealed  no  visible  signs  of  old  burrows  in  areas 
where  burrows  had  previously  been  present.  This  could  be  due  to 


burrow  structure  as  B.  vcigaiis  can  have  up  to  four  chambers  off  the 
main  burrow  (Machkour-M’Rabet  et  al.  2007)  and  be  recorded  at 
depths  of  3-40cm  (Machkour-M’Rabet  et  al.  2007)  and  up  to  50  cm 
(Shaw  pers.  obs.).  Rainfall  can  be  high  during  the  wet  season,  and  the 
clearing  is  subject  to  seasonal  Hooding,  which,  coupled  with  the  lack 
of  deep  roots,  could  lead  to  burrow  collapse.  Of  those  burrows 
matching  between  2007  and  2008  some  were  protected  from  collapse, 
being  underneath  the  edges  of  buildings,  rocks  and  large  roots. 
Burrow  orientation  can  make  them  more  susceptible  to  rain-carrying 
winds,  helping  to  maintain  high  humidity  (Machkour-M’Rabet  et  al. 
2005),  but  leading  to  a trade-off  between  optimum  humidity  and 
having  to  move  when  flooded.  Certainly  areas  that  regularly  flood 
have  almost  no  burrows,  and  those  at  the  edge  of  the  flood  zone  can 
become  waterlogged,  resulting  in  tarantulas  sitting  huddled  at  the 
mouth  of  the  burrow  until  the  water  subsides.  Repeated  flooding 
could  result  in  abandonment,  as  observed  in  other  burrowing  spiders 
(Marshall  1995).  Abandoned  burrows  would  then  be  free  for 
juveniles,  possibly  explaining  the  low  correlation  between  spider 
stage  and  burrow  size. 

The  nearest  neighbour  analysis  showed  similar  mean  distances 
between  burrows  in  the  North  of  Belize,  as  found  by  Reichling  (1999: 
3.4  m),  and  those  at  Las  Cuevas  (3.88  m,  2007;  3.16  m,  2008), 
suggesting  that  there  may  be  an  optimal  distance  driven  by 
competitive  repulsion  (Reichling  1999).  The  level  of  between-year 
movement  implied  by  this  study  may  be  due  to  relocation  of  juveniles 
prior  to  reaching  maturity.  Machkour-M’Rabet  et  al.  (2005)  found 
that  adults  and  juveniles  aggregated  separately,  although  this  is  not 
evident  in  the  study  population.  Reichling  (1999)  suggests  that 
aggregative  tendencies  in  theraphosids  could  reduce  exposure  to 
predators  and  increase  reproductive  success  of  nomadic  males  due  to 
the  shorter  roaming  distances  required  between  fecund  females.  This 
can  further  be  aided  by  the  presence  of  detectable  chemical  cues 
(Yanez  et  al.  1999). 

Dor  et  al.  (2008)  found  females  readily  enter  burrows  of  other 
females,  sometimes  resulting  in  the  attack  and  death  of  one  of  them 
(Henaut  and  Machkour-M’Rabet  2005).  With  high  densities  and 
clustered  burrows,  it  is  possible  that  there  is  frequent  burrow 
takeover,  particularly  since  chemical  cues  left  by  the  silk  at  the 
burrow  mouth  can  attract  females  to  each  other  (Dor  et  al.  2008). 
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Figure  2. — Correlation  between  the  body  size  of  B.  vagcms  tarantulas  and  the  width  of  their  burrows  at  Las  Cuevas  Research  Station,  Belize  in 
2007  and  2008. 


In  conclusion,  this  study  highlights  that  the  population  of  B.  vagcms  at 
Las  Cuevas  Research  Station  is  stable  and  highly  mobile.  In  2007  much 
of  the  captured  population  was  composed  of  juveniles,  whereas  in  2008 
more  were  adults,  suggesting  that  the  population  is  developing  and 
indicating  a potential  population  boom  as  the  large  number  of  adults 
produce  juveniles.  If  this  is  the  case,  continued  studies  on  this  population 
should  help  elucidate  some  patterns  of  dispersal  and  distribution. 
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SHORT  COMMUNICATION 

Function  of  the  upper  tangle  in  webs  of  young  Leucauge  argyra  (Araneae:  Tetragnathidae) 


Emilia  Triana-Cambronero',  Gilbert  Barrantes',  Erica  Cuyckens-  and  Andres  Camacho':  'Escuela  de  Biologia, 

Universidad  de  Costa  Rica,  Ciudad  Universitaria  Rodrigo  Facio,  San  Jose,  Costa  Rica.  E-mail:  emit773@gmail.com; 
“CONICET,  Mendoza  2,  Salta  4400,  Argentina 

Abstract.  Ontogenetic  changes  in  web  structure  occur  in  many  spiders  of  different  families,  but  the  functional  adaptation 
of  differences  in  web  structure  is  unknown  for  most  species.  We  describe  the  ontogenetic  changes  in  web  structure  of 
Leucauge  argyra  (Walckenaer  1842)  and  test  the  function  of  these  differences  in  webs  of  spiderlings.  Webs  of  early  instar 
spiders  have  tangles  above  the  orb  web  that  vary  from  relatively  dense  to  a single  thread,  from  which  some  threads  extend 
downward,  connecting  the  tangle  to  the  hub  of  the  orb  web.  The  number  of  threads  of  the  tangle  decreases  as  spiders  grow, 
and  in  webs  of  late  instars,  the  tangle  is  absent.  Our  experimental  results  indicate  that  the  tangle  and  connecting  threads 
increase  the  stability  of  the  web,  possibly  reducing  the  probability  of  spiral  threads  sticking  to  each  other  with  web 
movements. 

Keywords:  Web  structure,  ontogenetic  changes,  web  tangle,  orb  web 


Change  in  web  structure  through  successive  instars  is  a pattern 
found  in  many  spiders  of  different  families  (at  least  21  species  of  10 
different  families:  see  Eberhard  et  al.  2008),  and  some  of  these 
ontogenetic  changes  are  substantial  (Eberhard  1985;  Barrantes  & 
Madrigal-Brenes  2008).  However,  with  few  exceptions,  there  has  been 
no  functional  adaptation  associated  with  these  intraspecific  differ- 
ences in  web  structure  between  webs  of  young  and  adult  spiders  for 
most  species.  To  our  knowledge,  the  functional  significance  of 
ontogenetic  changes  in  web  architecture  has  been  described  only  for 
Clitaetra  irenae  Kuntner  2006  (Kuntner  et  al.  2008a)  and  Nepliila 
clavipes  (Linneaus  1767)  (Higgins  1992).  Webs  of  C.  irenae  increase 
vertically  in  older  spiders,  as  a possible  adaptation  to  an  arboricolous 
life  style,  as  well  as  increase  their  hub  eccentricity,  possibly  to 
optimize  prey  capture  (Masters  and  Moffat  1983;  Kuntner  et  al. 
2008a,  b).  In  N.  clavipes,  the  density  and  proportional  size  of  the 
tangle  decrease  as  the  spider  grows  as  a consequence  of  reduction  in 
predation  risk  (Higgins  1992). 

Spiders  of  at  least  five  families  add  tangles  to  their  orb  webs; 
Uloboridae,  Mysmenidae,  Nephilidae,  Tetragnathidae,  and  Aranei- 
dae.  There  are  several  possible  explanations  for  the  function  of 
tangles  associated  with  orbicular  webs.  One  is  that  the  tangles  serve  as 
a mechanical  barrier  to  protect  the  spider  against  flying  predators 
(Comstock  1912;  Robinson  & Robinson  1973;  Higgins  1992)  or 
parasites  (Robinson  & Robinson  1973).  Two  other  possible  functions 
are  that  the  tangles  prevent  escape  of  large  prey  (Hingston  1992)  and 
act  as  support  to  strengthen  the  web  (Lubin  1975).  Only  Higgins 
(1992)  provides  strong,  though  correlative,  evidence  that  supports  the 
anti-predator  function  of  this  structure,  and  Lubin  (1975)  provides 
correlative  data  that  seems  to  support  the  web-strengthening 
hypothesis,  but  to  our  knowledge,  none  of  these  hypotheses  has  yet 
been  tested  experimentally. 

The  web  of  a Leucauge  argyra  (Walckenaer  1842)  early  instar  has 
an  upper  tangle  with  threads  connecting  it  to  the  hub  and  occasionally 
another  tangle  below  the  orb  web,  but  these  tangles  are  absent  in  webs 
of  adult  spiders.  The  upper  tangle  consists  of  a few  threads  that  cover 
only  a narrow  section  across  the  middle  of  the  orb,  contrary  to  the 
three-dimensional  orb-like  tangles  or  barriers  in  some  nephilids  that 
cover  the  entire  dorsal  and/or  ventral  side  of  the  webs  (Kuntner  et  al. 
2008b).  We  specifically  tested  1 ) whether  the  tangle  above  the  orb  web 
and  the  threads  that  connect  this  structure  to  the  hub  prevents  the  orb 
web  striking  the  vegetation  below  it  and  2)  if  the  function  of  the  tangle 
is  to  give  stability  to  the  orbicular  section  of  the  web,  reducing  web 


deformation  and  the  probability  of  sticky  spiral  threads  collapsing 
with  air  movement  (these  hypotheses  may  not  be  mutually  exclusive). 

We  made  field  observations  and  experiments  in  a plantation  of 
African  oil  palm  {Elais  guineensis  L.)  in  Parrita,  Puntarenas  Province, 
Costa  Rica  (09°30'N,  84°10'W,  elev.  10  m).  To  test  the  first  hypothesis, 
we  measured  the  distance  of  the  hub  of  the  orb  web  to  the  nearest 
substrate  below  in  21  webs  of  young  spiders  with  upper  tangles.  This 
distance  was  later  compared  with  the  total  hub  displacement;  distance 
after  disconnecting  the  hub  from  the  upper  tangle  plus  its  displacement 
distance  after  disconnecting  it  and  blowing  a constant  perpendicular  air 
current  through  the  web  (see  below). 

To  test  the  second  hypothesis,  we  constructed  a three-sided 
cardboard  shield  (30  X 60  X 30  cm,  40  cm  high)  with  black  fabric 
(for  better  contrast  with  the  web)  attached  to  the  central  wall,  and  a 
ruler  attached  to  the  fabric.  We  placed  this  retreat  around  each  web  in 
the  field  to  block  uncontrolled  natural  breezes.  We  then  applied  an  air 
current  at  a constant  speed  (0.03  m/s)  using  a 9V-battery  fan  (Max 
Flow  Enterprise  Co.,  Ltd.)  placed  14  cm  above  the  center  of  the  orb 
web,  simulating  a perpendicular  breeze  to  the  plane  of  the  web.  For 
each  of  25  manipulated  webs,  we  measured  three  variables;  1 ) 
downward  displacement  of  the  hub  of  the  unmodified  web  when 
blown  with  the  fan;  2)  displacement  of  the  hub  when  threads 
connecting  the  hub  to  the  tangle  above  were  cut  (the  spider  was 
present  in  the  hub  when  threads  were  cut);  3)  displacement  of  the  hub 
when  blown  with  the  fan,  after  cutting  the  attachments  to  the  tangle. 
We  measured  total  body  length  of  all  25  spiderlings  to  later  test  for  a 
correlation  of  body  length  with  web  displacement. 

We  additionally  measured  the  extensibility  of  two  (occasionally 
one)  1 cm  long  segments  of  anchor  threads  in  20  webs  with  upper 
tangles  of  young  spiders  (different  from  the  ones  used  for  the  other 
experiments)  and  of  six  webs  of  adult  females.  We  attached  each 
segment  to  pieces  of  double-sided  sticky  tape  that  had  previously  been 
attached  to  the  jaws  of  a mechanical  calliper  as  in  Opell  et  al.  (2008);  a 
second  piece  of  tape  was  placed  on  the  threads  to  secure  them.  We 
then  slowly  separated  the  jaws  of  the  calliper  (ca  1 mm/s)  to  elongate 
threads  until  they  broke.  We  measured  extensibility  as  a proportion  of 
the  total  extension  relative  to  the  initial  thread  length.  When  we 
measured  two  segments  from  the  same  web,  their  values  were 
averaged.  We  collected  and  raised,  in  captivity,  to  adulthood  two 
young  spiders  with  tangled  webs  to  confirm  species  identity  and 
deposited  these  specimens  in  the  Museo  de  Zoologia,  Universidad  de 
Costa  Rica. 
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Figure  I. — Web  characteristics  of  young  Lciicaiige  argyra.  A.  Web  of  a small  spiderling  with  relatively  dense  tangle  and  numerous  threads  j 
connecting  the  tangle  to  the  hub  of  the  orb  web  below.  Part  of  the  lower  tangle  with  some  threads  attached  to  the  substrate  below  is  shown.  B.  i 
Web  of  an  older  instar  spiderling  with  a reduced  tangle  and  few  threads  connecting  the  tangle  to  the  hub  of  the  orb  web  below.  C.  Web  with  radii  I 
and  spiral  threads  deformed  by  a weak  breeze  in  the  field.  D.  Section  of  a spiderling  web  showing  some  spiral  threads  collapsed  (white  arrows).  ■ 


Webs  of  L.  argyra  show  clear  ontogenetic  changes.  Adult  females  spin 
typical  orb  webs  in  horizontal  planes  (0-20°)  without  additional  silk 
structures.  They  build  them  in  open  spaces,  using  exposed  twigs  and 
leaves  on  the  herbaceous  layer  to  attach  the  anchor  threads.  In  contrast, 
early  instar  spiderlings  (first  instar  out  of  the  egg  sac,  recognized  by  their 
whitish  abdomens,  to  possibly  fourth  instars,  based  on  size)  spin  tangle 
structures  above  the  horizontal  orb  webs  (Figs.  1 A.  B).  The  tangle  varies 
from  a relatively  dense,  narrow  tangle,  to  a few  threads  just  a few  mm 
above  the  orb.  Several  threads  connect  the  hub  to  the  tangle  above.  The 
tangle  above  the  orb  seems  to  be  denser  in  younger  spiderlings  (Fig.  1 A). 
In  some  webs,  there  is  also  a tangle  of  sparse  threads  that  connect  the 
web  frame  with  the  substrate  below  (Fig.  lA).  Webs  of  early  instars  are 
constructed  within  dense  herbaceous  vegetation,  often  occupying  small 
spaces  among  grass  leaves. 

Our  results  indicate  that  these  tangles  above  the  orb  webs  of  early  instar 
spiders  seiwe  to  support  the  entire  orb  web.  The  distance  between  the  orb 
webs  and  the  nearest  substrate  below  was  much  larger  (mean  = 12.09  ± 

1 1.73  cm,  /;  = 21 ) than  the  total  distance  displaced  by  the  webs  after  we 
disconnected  them  from  the  tangle  (4.02  ± 1.58  cm;  t-test  comparing  both 
distances:  = 3.12,  P < ().0f)5).  The  total  distance  included  both  the 


distance  of  displacement  of  the  hub  when  disconnected  from  the  tangle  and  ) 
the  distance  of  displacement  when  blown  after  disconnected.  Webs  of  young 
spiders  displaced  between  1 cm  to  3.5  cm  (mean  = 1.6  ± 0.94  cm,  n = 25)  li 
downward  after  we  disconnected  the  upper  tangle  from  the  orb  web.  This  ' 
distance  differed  significantly  from  zero  (no  effect  on  threads  in  supporting 
the  web;  one  sample  t-test;  ^4  = 8-59,  P < 0.00001),  but  displacement  ‘ 
distance  was  not  con-elated  with  spider  size  (r  = 0.49,  P = 0.82).  j 

When  we  blew  perpendicular  air  current  on  the  webs  after  we  j' 
disconnected  the  upper  tangle,  all  but  two  of  these  webs  displaced  t 
further  down  (mean  = 2.4  ± 0.9  cm,  n = 25)  than  intact  webs  with  the  ‘ 
same  air  current  (mean  = 1.4  ± 0.8  cm,  n = 25;  paired  t test:  ^4  = j 
6.12,  P < 0.00001;  Fig.  2).  A possible  explanation  for  the  two  webs  in  i 
which  displacement  was  less  after  disconnecting  them  from  the  upper  ; 
tangle  is  that  anchor  lines  of  webs  of  young  spiders  can  often  be  ' 
attached  to  grass  blades  that  seem  to  be  under  some  tension.  Thus,  ; 
when  we  disconnected  the  webs  from  the  upper  tangle,  tension  on  the  J 
orbs  may  have  increased  and  so  reduced  the  downward  displacement,  jj 
Extensibility  of  anchor  threads  was  similar  between  webs  of  young 
spiders  and  those  of  adult  females  (1.88  ± 1.46  vs.  1.40  ± 0.66;  Mann- 
Whilney  U = 51.0,  P = 0.60,  n = 26). 
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Displacement  of  intact  web  (cm) 


Figure  2. — Difference  in  displacement  caused  by  a constant  air 
current  perpendicular  to  web  plane,  between  intact  webs  (attached  to 
the  upper  tangle)  and  the  same  webs  after  disconnecting  them  from 
the  upper  tangle.  Dots  above  the  line  represent  webs  where 
displacement  was  larger  after  cutting  the  connecting  threads.  Line 
indicates  equal  effect  of  air  current  on  intact  and  modified  webs. 

Despite  young  spiders  constructing  their  webs  among  dense 
vegetation,  the  distance  from  the  orb  web  to  the  nearest  substrate 
below  was  large  enough  to  prevent  the  orb  web  from  contacting 
vegetation  as  it  moved  downward,  even  after  the  web  was 
disconnected  from  the  upper  tangle.  Therefore,  our  results  do  not 
support  the  hypothesis  that  the  function  of  the  upper  tangle  is  to 
prevent  the  orb  web  from  striking  vegetation  below. 

Yet,  webs  of  young  L.  argyra  are  slack.  Under  a nearly 
imperceptible  breeze,  the  webs  of  young  spiderlings  buckle,  the  radii 
bending  toward  the  wind’s  current  trajectory  and  the  spiral  threads 
oscillating  (Figs.  1C,  D).  Low  tension  of  spiral  threads  makes  webs 
good  traps  for  retaining  prey.  Lower  tension  of  these  threads  allows 
more  kinetic  energy  to  dissipate  with  the  prey’s  impact  (Eberhard 
1990),  but  also  make  them  susceptible  to  collapse  in  a weak  breeze. 

Damages  of  this  type  on  the  orb  web  are  expected  to  reduce 
interception  and  retention  of  prey  (Blackledge  & Zevenbergen  2006). 
Hence,  we  conclude  that  the  upper  tangle  serves  as  support  for  the 
whole  orb  web,  allowing  the  spiderling  to  construct  a well  adapted 
trap  to  retain  prey.  The  tangle  likely  reduces  web  deformation,  which 
in  turn  may  at  least  partially  prevent  sticky  threads  from  adhering 
(Figs.  1C,  D).  A possible  advantage  of  the  stabilization  of  the  web 
provided  by  the  upper  tangle  is  the  reduction  in  radial  stress  and 
damage.  This  is  important  since  strong  winds  could  cause  mechanical 
yield  in  radial  threads,  and  thus  will  greatly  reduce  their  ability  to 
dissipate  kinetic  prey  energy  (Harmer  et  al.  2011). 

We  did  not  test  the  function  of  the  lower  tangle.  This  tangle 
consists  of  sparse  threads  that  connect  the  frame  of  only  some 
spiderling’s  webs  to  the  substrate  below  (Fig.  lA).  Thus,  it  is  possible 
that  this  tangle  gives  additional  support  to  the  orb  web  and  some 
protection  against  predators  and  parasitoids  attacking  spiders  from 
below,  a function  that  may  also  be  possible  for  the  upper  tangle. 

We  also  recorded  ontogenetic  changes  in  webs  of  L.  argyra  that 
occur  mainly  on  the  structure  of  the  tangle.  The  complexity  of  the 
tangle  and  the  number  of  threads  that  connect  the  tangle  to  the  hub  of 
the  orb  web  below  decrease  as  the  spider  grows.  Tangles  change  from 
a relatively  dense  tangle  with  many  connecting  threads  (up  to  17)  in 
very  small  spiderlings  (Figs.  lA,  B),  to  a sparse  tangle  composed  of 
few  threads  in  older  instars  (in  two  occasions  the  tangle  was 
composed  of  a single  thread  with  three  connecting  threads),  to  its 
complete  absence  in  webs  of  adult  females  (not  a single  web  of  adult 
females  had  a tangle  above  it,  n > 300  webs). 


The  extensibility  of  the  anchor  threads  serves  to  absorb  and  dissipate 
some  of  the  kinetic  energy  of  a flying  insect  or  the  stress  caused  by 
wind  currents  (Denny  1976;  Blackledge  & Hayashi  2006).  Webs  of  both 
early  instar  and  adult  L.  argyra  have  similar  extensibilities.  Casual 
observations  under  a dissecting  microscope  suggest  that  the  thickness 
of  the  anchor  threads  increases  in  the  webs  of  older  instar  spiders. 
However,  as  the  diameter  of  the  anchor  threads  increases,  more  energy 
is  needed  to  extend  a thread  the  same  distance.  Therefore,  such  thicker 
threads  in  older  instars  provide  more  support  against  orb  deformation, 
reducing  the  need  for  the  upper  tangle. 

We  here  present  the  first  experimental  evidence  of  the  possible  function 
of  the  web  design  of  first  instar  spiders.  We  also  describe  the  ontogenetic 
changes  in  the  web  design  of  L.  argyra.  These  changes  are  consistent  with 
the  general  ontogenetic  pattern  documented  for  a large  number  of  spider 
species  in  different  families.  Furthemiore,  in  most  species  in  which  the 
ancestral-descendant  evolution  of  webs  can  be  traced,  webs  of  first  instar 
spiders  nearly  always  represent  ancestral  characters  (Japyassu  & Ades 
1998;  Eberhard  et  al.  2008;  BaiTantes  & Eberhard  2010).  However,  it  is  yet 
untested  whether  these  ontogenetic  changes  mirror  phylogenetic  changes 
in  web  structure  in  this  lineage  (i.e.,  whether  the  silk  tangle  is  an  ancestral 
or  derived  character  within  the  Orbiculariae). 
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SHORT  COMMUNICATION 

The  genus  Plesiophrictiis  Pocock  and  revalidation  of  Heterophrictus  Pocock  (Araneae:  Theraphosidae) 

Jose  Paulo  Leite  Guadanucd:  Universidade  Federal  dos  Vales  do  Jeqiiitinhonha  e Mucuri,  Departamento  de  Ciencias 
Biologicas,  Laboratorio  de  Zoologia  de  Invertebrados,  Campus  JK,  Rodovia  MGT  367  - Km  583,  n°  5000,  Alto  da 
Jacuba,  Diamantina-MG,  Brasil,  CEP  39100-000.  E-mail:  joseguadanucci@gmail.com 


Abstract.  The  genus  Plesiophrictiis  is  diagnosed  and  redescribed  based  on  type  material  and  additional  specimens.  The 
type  species  P.  miUardi  (Pocock  1899)  is  redescribed.  The  genus  Heterophrictus  is  revalidated,  with  H.  millet i as  type  species. 
Heterophrictus  differs  from  Plesiophrictiis  by  the  absence  of  serrula  on  maxillae  and  by  having  a rastellum  on  the  chelicerae 
and  stiff,  spike-shaped  setae  on  the  prolateral  coxae  I.  The  significance  of  characters  used  in  the  taxonomy  of  both  genera  is 
discussed. 

Keywords:  Spider,  taxonomy,  India,  Ischnocolinae,  Eumephorinae,  serrula 


The  genus  Plesiophrictiis  was  described  by  Pocock  1899  to 
accommodate  three  species  (P.  collinus  Pocock  1899,  P.  miUardi 
Pocock  1899,  P.  tenilipes  Pocock  1899)  from  India  and  Sri  Lanka, 
with  P.  miUardi  as  the  type  species.  As  promised  a year  before,  Pocock 
(1900)  gave  more  precise  descriptions  of  Plesiophrictiis  species  in  his 
book  “Fauna  of  the  British  India”  and,  additionally,  described  the 
monotypic  genus  Heterophrictus,  H.  milleti  as  type  species.  According 
to  Pocock,  Plesiophrictiis  could  be  distinguished  from  Heterophrictus 
by  the  shape  of  thoracic  fovea,  being  straight  in  the  former,  procurved 
in  the  latter.  Simon  (1903)  diagnosed  Heterophrictus  by  the  presence 
of  long  setae  above  the  suture  of  the  prolateral  face  of  the  first  coxae, 
the  shape  of  thoracic  fovea  and  the  posterior  sternal  sigilla  remote 
from  sternal  margin.  Gravely  (1915)  stated  that  Pocock’s  distinction, 
based  on  slight  differences  in  shape  of  the  fovea,  was  very 
unsatisfactory.  Gravely  also  considered  the  setae  observed  by  Simon 
in  Heterophrictus  to  be  related  to  size  and  to  be  variable  even  among 
adults.  Throughout  the  years,  several  species  were  included  within 
Plesiophrictiis  without  any  revisionary  study.  In  1985,  Raven 
considered  Plesiophrictiis  a senior  synonym  of  Heterophrictus  and 
Ischnocollela  Strand  1907,  since  they  share  all  characters  of  generic 
significance,  which  were  not  mentioned  by  the  author.  Hitherto,  the 
genus  Plesiophrictiis  was  comprised  of  16  species  distributed  mainly  in 
India  and  single  records  for  Micronesia  and  Sri-Lanka. 

METHODS 

Specimens  from  the  following  institutions  (giving  acronym,  city, 
and  curator)  were  examined:  BMNH  - British  Museum  of  Natural 
History,  London,  England.  J.  Beccaloni;  MNHN  - Museum  National 
d’Histoire  Naturelle,  Paris,  France.  C.  Rollard;  ZMUC  - Zoological 
Museum,  University  of  Copenhagen,  Copenhagen,  Denmark.  N. 
Scharff. 

All  measurements,  in  mm,  were  taken  with  an  ocular  micrometer. 
The  length  of  leg  segments  was  measured  between  joints  in  dorsal 
view.  Length  and  width  of  carapace,  eye  tubercle,  labium  and  sternum 
are  maximum  values  obtained.  Total  body  length  includes  chelicerae 
and  opisthosoma  but  not  the  spinnerets. 

Terminology  for  the  number  and  disposition  of  spines  follows  that 
of  Petrunkevitch  (1925),  with  modifications  proposed  by  Bertani 
(2001). 

Specimens  were  examined  and  illustrated  using  a Leica  MZAPO 
stereoscopic  microscope,  with  camera  lucida.  The  spermathecae  were 
cleared  with  carnation  oil  and  illustrated  in  dorsal  view.  Left  palpal 
bulbs  were  illustrated  in  pro  and  retrolateral  views.  Setae  of  male  tibia 
I were  removed  in  order  to  illustrate  the  tibial  apophysis  better. 


For  Scanning  Eletronic  Microscope  images,  the  maxilla  were  left  in 
absolute  ethanol  overnight,  critical  point  dried  and  cleaned  with  an 
air  spray.  The  material  was  glued  to  stubs  with  polyvinyl  resin.  The 
stubs  were  coated  and  observed  under  Scanning  Eletronic  Microscope 
JEOL  JSM-6335F. 

TAXONOMY 

Family  Theraphosidae  Thorell  1 869 
Genus  Plesiophrictiis  Pocock  1899 

Plesiophrictiis  Pocock  1899:749,  type  species  Plesiophrictiis  niillardi 
Pocock  1899,  by  original  designation;  1900:181;  Gravely  1915:273 
(part);  Raven  1985:154;  Siliwal  et  al.  2007:2853;  Platnick  2011. 
Ischnocolella  Strand  1907:14,  type  species  Ischnocolelki  seiiffti  Strand 
1907  by  monotypy,  type  considered  lost  (Raven  1985).  Synoni- 
mized by  Raven  1985:155. 

Diagnosis. — Representatives  of  the  genus  differ  from  those  of 
Heterophrictus  by  the  lack  of  stridulating  apparatus  or  scopula  on  coxae 
or  chelicerae  and  by  the  presence  of  serrula  on  the  prolateral  face  of  the 
maxillary  lobe  (Figs.  1,  2).  Males  can  be  recognized  by  the  presence  of 
short  spines  between  the  two  tibial  apophysis  branches  (Fig.  4). 

Description. — Chelicerae  without  rastellum.  Cephalic  region  weakly 
raised.  Eye  tubercle  weakly  raised,  small.  Anterior  eye  row  procurved, 
posterior  slightly  recurved,  clypeus  absent.  Thoracic  fovea  short, 
ranging  from  straight  to  slightly  procurved.  Labium  as  wide  as  long. 
Maxilla  with  produced  anterior  lobe,  serrula  present,  cuspules  on  the 
inner  angle.  Posterior  sternal  sigilla  remote  from  sternal  margin. 
Cymbium  with  similar  lobes.  Tarsal  scopula  III-IV  divided  by  a 
longitudinal  band  of  thick  setae.  Superior  tarsal  claws  without  teeth, 
inferior  tarsal  claws  absent,  claw  tufts  well  developed.  Clavate  tarsal 
trichobothria  in  two  short  rows,  separated  by  a line  of  long  and  thin 
setae.  Retrolateral  scopula  on  femur  IV  absent.  Stridulatory  setae 
absent  on  coxae  and  chelicera.  Urticating  hairs  absent.  Posterior 
lateral  spinnerets  three-segmented,  long,  apical  segment  digitiform. 
Palpal  bulb  with  tapering  embolus,  which  bears  a long  basal  keel. 
Male  tibial  apophysis  present,  formed  by  two  branches,  metatarsus  1 
bends  between  the  branches.  Spermathecae  formed  by  two  recepta- 
cles, with  single  termini. 

Plesiophrictiis  miUardi  Pocock  1 899 
Figs.  3-7 

Plesiophrictiis  miUardi  Pocock  1899:749. 

Plesiophrictiis  satareiisis  Gravely  1915;  Siliwal  et  al.  2007;2859.  New 
synonymy. 
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Figures  1,  2. — Plesiophrictus  collinus.  1.  Prolateral  view  of  distal  end  of  maxilla,  showing  the  serrula;  2.  Serrula  denticles,  detail. 


Type  material. — Holotype  male  of  P.  milkirdi  (BMNH)  from 
Matheran,  India;  Holotype  male  of  P.  satarensis  (BMNH  2205/17) 
from  Medha,  Yenna  Valley,  Satara  District,  Bombay,  17-23  April 
1912;  examined. 

Other  material  examined. — Plesiophrictus  millardv.  1 male,  India, 
Uran  (BMNH  99.11.2.234).  P.  collinus:  holotype  female,  India, 
Yercaud  (BMNH);  3 females  and  1 juvenile,  India,  Madras,  21 
December  1923  (BMNH);  1 female  and  1 juvenile,  India,  Madras,  R. 
Sherriffs  leg.,  20  November  1960  (ZMUC  635);  1 female,  India, 
Vellore,  Lowenthal  leg.,  24  April  1986  (ZMUC  624);  1 male,  2 females 
and  1 juvenile,  India,  Vellore,  Lowenthal  leg.,  24  April  1986  (ZMUC 
625).  P.  sericeus:  holotype  female,  India,  Poona  (BMNH  99.1 1.2.1 16- 
117);  1 female,  India,  Poona  (BMNH  99.9.21-161).  P.  tenuipes: 
holotype  female,  Sri  Lanka,  Kandy,  Yevtriny  leg.  (BMNH  98.3.21.4). 

Diagnosis. — It  differs  from  the  other  species  by  the  aspect  of 
retrolateral  branch  of  tibial  apophysis  (Figs.  3,  4),  and  by  the 
helicoidal  torsion  of  embolus  on  male  palpal  bulb  (Figs.  5-7). 
Females  unknown. 

Description. — Male  (holotype).  Total  length  14.  Carapace;  length 
5.5;  width  43.  Eye  tubercle:  length  1.9;  width  0.9.  Labium:  length  0.5; 
width  1.  Sternum:  length  2.5;  width  2.4.  Cheliceral  basal  segment  with 
9 teeth.  Labium  as  wide  as  long  with  14  cuspules.  Maxilla  with  more 
than  45  cuspules,  serrula  present.  Labiosternal  suture  with  two 
distinct  mounds.  Sternum  rounded,  posterior  sigilla  remote  from 
sternal  margin.  Thoracic  fovea  short  and  straight.  Palp:  femur  2.9/ 
patella  1.8/  tibia  2.2/  cymbium  1/  total  7.9.  Legs  I:  femur  4/  patella  2.6/ 
tibia  2.9/ metatarsus  2.6/  tarsus  1.7/ total  13.8.  II:  3.4/ 2.1/ 2.3/ 2. 1/  1.6/ 


11.5.  Ill;  3.1/  1.8/  1.8/  2.2/  1.6/  10.5.  IV:  4.2/  2.2/  3.2/  3.4/  1.9/  14.9. 
Spines:  Tarsi  without  spines.  Palp  without  spines.  Legs:  I:  metatarsus 
(v)  apl.  11;  tibia  (v)  ap2,  (p)  0-0-1,  metatarsus  (v)  apl.  Ill;  patella  (v)  j 
apl,  (p)  1,  tibia  (v)  l-l-ap3,  (p)  2-2-0,  (r)  1-1-0,  metatarsus  (v)  3-l-ap3, 

(p)  0-1-1,  (r)  0-1-1.  IV;  femur  (d)  0-0-rl,  tibia  (v)  2-2-ap3,  (r)  0-1-1, 
metatarsus  (v)  2-2-ap3,  (p)  0-1-1,  (r)  0-1-1.  Male  palpal  bulb  with 
tapering  helicoidal  embolus,  bearing  a basal  long  keel  (Figs.  5-7). 
Tibial  apophysis  formed  by  two  branches.  Prolateral  short  with 
adjacent  spine.  Retrolateral  bearing  a spine  inserted  at  midlength 
(Figs.  3,  4).  Presence  of  several  short  spines  between  apophysis 
branches  (Fig.  4).  Metatarsus  I straight,  small  retrolateral  basal 
nodule,  bends  between  two  branches.  Scopula  on  metatarsi:  I-III  ! 

apical  half,  IV  less  than  apical  half.  Scopula  on  tarsi:  I undivided,  II  ' 

undivided  with  a longitudinal  band  of  setae,  III-IV  divided  by  a 
longitudinal  band  of  thick  setae.  Superior  tarsal  claws  without  teeth, 
clavate  trichobothria  in  two  short  rows  divided  by  a line  of  long  and 
thin  setae.  Eyes:  anterior  row  procurved,  posterior  slightly  recurved. 

Genus  Heterophricfus  Pocock  1900 

Heterophrictiis  Pocock  1900:180,  type  species  Heterophrictus  milleti  ! 

Pocock  1900,  by  monotypy. 

Plesiophrictus,  Raven  1985:154  (synonymy,  here  rejected). 

Diagnosis. — Representatives  of  the  genus  differ  from  those  of  j 
Plesiophrictus  by  the  presence  of  rastellum  formed  by  a line  of  short  j 
spines  on  inner  margin  of  dorsal  surface  of  chelicerae  (Fig.  8A-C)  < 

and  stiff,  spike-shaped  setae  above  the  suture  on  the  prolateral  coxae  I 
(Fig.  9 A-C),  and  by  the  absence  of  serrula. 


Figures  3-7. — Plesiophrictus  ndllardi,  Male  holotytpe.  3.  Tibial  apophysis,  ventral  view;  4.  Tibial  apophysis,  ventral-prolateral  view;  5.  Palpal 
bulb,  prolateral  view;  6.  Palpal  bulb,  retrolateral  view;  7.  Palpal  bulb,  dorsal  view.  Scale  = 1mm. 
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Figures  8. — A-C.  Heterophrictiis  milleti,  right  chelicerae:  A.  Prolateral  view;  B.  Prolateral-l'rontal  view;  C.  Detail  of  rastellum.  Arrows 
showing  rastellum. 


Description. — Chelicerae  with  rastellum  formed  by  a line  of  short 
spines  on  inner  margin  of  dorsal  surface  of  basal  article.  Cephalic 
region  slightly  raised.  Eye  tubercle  weakly  raised,  small.  Anterior  eye 
row  procurved,  posterior  slightly  recurved,  clypeus  absent.  Thoracic 
fovea  straight  or  procurved.  Labium  as  wide  as  long.  Maxilla  with 
produced  anterior  lobe,  serrula  absent,  cuspules  on  the  inner  angle. 
Posterior  sternal  sigilla  remote  from  sternal  margin.  Cymbium  similar 


lobes.  Tarsal  scopula  I IV  divided  by  a longitudinal  band  of  thick 
setae.  Superior  tarsal  claws  without  teeth,  inferior  tarsal  claws  absent, 
claw  tufts  well  developed.  Clavate  tarsal  trichobothria  in  two  short 
rows,  separated  by  a line  of  long  and  thin  setae.  Retrolateral  scopula 
on  femur  IV  absent.  Stridulatory  setae  absent  on  chelicera.  Stiff, 
thick,  plumose  setae  above  the  suture  on  the  prolateral  surface  of  the 
coxae  1 (Figs.  8,  9).  Urticating  hairs  absent.  Posterior  lateral 


Figures  9. — A-C.  Heterophrictiis  niilleti:  A.  Maxilla,  prolateral  view,  showing  stiff  setae;  B.  Detail  of  setae  apex;  C.  Detail  of  stiff  setae. 
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Figure  10. — Heterophrictus  milleti,  holotype  female,  spermathecae,  dorsal  view.  Scale  = 1mm. 


spinnerets  three-segmented,  long,  apical  segment  digitiform.  Sper- 
mathecae formed  by  two  receptacles,  with  single  or  multi  termini. 

Heteroplirictus  millet i Pocock  1900 
Figs.  8-10 

Heteroplirictus  milleti  Pocock  1 900: 1 80. 

Type  material. — Holotype  female  (BMNH  99.9.21.162-3)  from 
Nasik,  India;  examined. 

Other  material  examined. — Isclmocohis  liuteatus:  holotype  female, 
India,  Pondichery  (MNHN  5369);  1 female,  India,  Pondichery 
(MNHN  5372).  Plesiophrictiis  hliori:  paratype  female,  India,  Param- 
bikulan,  16-24  September  1914  (BMNH  16.5.2,16).  Plesiophrictus 
raja:  paratype  female,  India.  Bombay,  Helvak,  Koyna  Valley,  Satara, 
28-30  April  1912  (BMNH  16.5.2.15);  paratype  female,  India. 
Kavalai,  Kavali,  24-27  September  1914  (BMNH  16.5.2.17). 

Diagnosis. — Females  of  H.  milleti  are  distinguished  by  the 
spermathecae  formed  by  two  receptacula  with  a single  terminus 
(Fig.  10)  and  by  the  thoracic  fovea  clearly  proctirved.  Males 
unknown. 

Description. — Female  (holotype).  Total  length  20.6.  Carapace: 
length  6.7;  width  5.5.  Eye  tubercle:  length  0.8;  width  1.2.  Labium: 
length  0.8;  width  1.3,  Sternum:  length  3.1;  width  3.1.  Cheliceral  basal 
segment  with  13-14  teeth,  rastellum  formed  by  several  short  spines 
along  the  inner  edge  of  dorsal  cheliceral  basal  segment.  Labium  wider 
than  long  with  25  cuspules.  Maxilla  bearing  nearly  80  ctispules, 
serrula  absent.  Labiosternal  suture  with  two  distinct  mounds. 
Sternum  rounded,  posterior  sigilla  remote  from  sternal  margin. 
Thoracic  fovea  procurved.  Palp:  femur  3.1/  patella  2.2/  tibia  21  tarsus 
1.8/  total  9.1.  Legs  1:  femur  4.2/  patella  3.1/  tibia  3.1/  metatarsus  11 
tarsus  1.3/ total  13.7.  11:  3.6/ 2.6/ 2/  1.9/  1.3/11.4.  Ill:  3.1/ 2.2/  1.8/ 2.5/ 
1.6/  1 1.2.  IV:  4.6/  2.7(tibia,  metatarsus  and  tarsus  IV  missing).  Spines: 
Tarsi  without  spines.  Palp:  tibia  (v)  apl.  Legs:  I:  metatarsus  (v)  apl. 
II:  tibia  (v)  apl,  metatarsus  (v)  apl.  Ill:  patella  (p)  1,  tibia  (v)  0-l-ap2, 
(r)  0-1-0,  (p)  0-1-0,  metatarsus  (v)  0-2-ap3,  (p)  0-1-1,  (r)  0-1-1. 
Spermathecae  formed  by  two  long  receptacula  with  distinct  apical 
lobe  (Fig.  10).  Scopula  on  metatarsi:  I II  apical  half.  111  apical  1/3. 
Scopula  on  tarsi:  all  scopula  divided.  Superior  tarsal  claws  without 
teeth,  clavate  trichobothria  in  two  short  rows.  Eyes:  anterior  row 
procurved,  posterior  slightly  recurved,  clypeus  absent. 

DISCUSSION 

Pocock  (1900)  used  the  shape  of  thoracic  fovea  to  distinguish 
between  Plesiophrictus  and  Heteroplirictus.  Although  it  is  possible  to 
distinguish  the  type  species  of  the  two  genera,  the  examination  of 
additional  specimens  of  Plesiophrictus  and  Heteroplirictus  showed 
that  this  character  is  variable,  in  agreement  with  Gravely  (1915). 


Simon  (1903)  used  the  shape  of  thoracic  fovea  to  diagnose  both 
genera,  but  he  also  noted  the  presence  of  long  setae  on  the  prolateral 
surface  of  coxae  I in  Heteroplirictus  milleti.  Scanning  electron 
microscopy  of  coxae  1 revealed  the  ultrastructure  of  these  setae. 
The  stiff  plumose  setae  are  located  above  the  suture  of  the  coxae, 
which  can  be  recognized  under  the  stereomicroscope.  These  setae,  in 
addition  to  the  rastellum  on  the  chelicera,  also  observed  in 
Heteroplirictus  milleti,  led  me  to  propose  the  revalidation.  Raven 
(1985)  diagnosed  the  subfamily  Eumenophorinae  by  the  presence  of 
long  spike-shaped  setae  located  on  the  prolateral  coxae  I at  the  dorsal 
portion.  Such  setae  show  the  same  morphology  as  those  found  in 
Heteroplirictus  (Fig.  9).  Therefore,  the  genus  Heteroplirictus  is 
transferred  to  the  subfamily  Eumenophorinae. 

Concerning  Plesiophrictus,  the  presence  of  maxillary  serrula,  which 
has  never  been  reported  for  this  genus,  is  an  important  character  to 
diagnose  the  genus,  along  with  the  short  spines  between  tibial 
apophysis  of  males. 

Siliwal  et  al.  (2007)  diagnosed  the  genus  Plesiophrictus  based  on  the 
aspect  of  fovea,  sternum  sigilla,  size  of  eyes  and  quantity  of  spines  on 
legs,  those  of  which  do  not  warrant  the  recognition  of  the  genus.  The 
authors  did  not  mention  the  characters  to  distinguish  the  two  genera 
(presence  of  serrula,  presence  of  chelicerae  rastelum  and  coxae  I with 
stiff  setae). 

Both  genera  discussed  here  are  very  difficult  to  study,  because  most 
of  their  species  are  only  known  from  type  material,  which  is  scattered 
among  museums  in  different  countries.  Moreover,  of  16  species 
currently  included  within  these  genera,  10  are  only  known  from  the 
female. 

The  main  purpose  of  this  paper  is  to  revalidate  Heteroplirictus  and 
provide  a diagnosis  for  Plesiophrictus  and  Heteroplirictus.  It  is  also 
important  to  highlight  the  need  for  a comprehensive  revision  of  Indian 
theraphosids.  The  revision  of  these  two  genera  must  include  all  type 
material  and  the  generic  characters  considered  in  the  present  study. 
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SHORT  COMMUNICATION 

On  the  Avicidaria  (Araneae:  Theraphosidae:  Aviculariinae)  species  from  Uruguay 
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Zoologia,  Institute  de  Biociencias,  Universidade  de  Sao  Paulo,  Rua  do  Matao,  Travessa  14,  321,  CEP  05422 — 970,  Sao 
Paulo  - SP,  Brazil;  E-mail;  carolsayuri@usp.br;  -Seccion  Entomologia,  Facultad  de  Ciencias,  Igua  4225,  11400 
Montevideo,  Uruguay;  ^Institute  Butantan,  Avenida  Vital  Brazil,  1500,  CEP  05503 — 900,  Sao  Paulo  - SP,  Brazil 

Abstract.  The  taxonomic  status  of  four  species  of  Avicidaria  Lamarck  1818  described  from  Uruguay:  Avicidaria 
aiithracina  (C.L.  Koch  1842),  Avicidaria  alticeps  (Keyserling  1878),  Avicukiria  parva  (Keyserling  1878)  and  Avicidaria 
tigrina  (Pocock  1903)  is  discussed.  The  holotypes  and/or  original  descriptions  of  these  species  were  examined,  and  two 
taxonomic  synonymies  are  needed,  which  are  presented  herein.  Avicidaria  aiithracina  is  transferred  to  Grammostola, 
resulting  in  Graniinostola  aiithracina  (C.L.  Koch  1842)  new  combination  and  is  considered  a senior  synonym  of 
Grainiiiostola  moUicoina  Ausserer  1875  new  synonymy.  Likewise,  Avicidaria  parva  is  transferred  to  Catuiniri  Guadanucci 
2004,  where  it  is  placed  in  the  synonymy  of  Catuiniri  nrugitayense  Guadanucci  2004  new  synonymy.  Avicidaria  tigrina  and 
Avicidaria  alticeps,  originally  described  in  the  genera  Ischnocohis  Ausserer  1875  and  Pterinopelma  Pocock  1901, 
respectively,  are  herein  considered  nomina  dubia  since  their  types  are  presumed  lost. 

Keywords:  Taxonomy,  Eurypelma,  My  gale,  Ischnocohis,  Pterinopelma 


To  date,  the  known  Uruguayan  theraphosid  fauna  comprises  18 
species  of  the  genera  Acanthosenrria  Ausserer  1871,  Enpalaestriis 
Pocock  1901,  Graniinostola  Simon  1892,  Catuiniri  Guadanucci  2004, 
Hoinoeoniina  Ausserer  1871,  Lasiodora  C.L.  Koch  1850,  Plesiopelinu 
Pocock  1901  and  Avicidaria  Lamarck  1818  (Platnick  2010).  Uruguay 
is  a well-sampled  country  (Perez-Miles  et  al.  1993),  with  many 
taxonomic  studies  on  the  family  (Schiapelli  & Gerschman  de  Pikelin 
1964,  1970;  Gerschman  de  Pikelin  & Schiapelli  1972;  Perez-Miles 
1992;  Guadanucci  2004),  being  one  of  the  best  known  theraphosid 
faunas  in  the  world,  even  though  some  questions  remain  to  be 
resolved.  One  of  these  questions  is  the  presumed  presence  of 
Avicidaria  species  in  Uruguay,  inconsistent  with  the  known  geo- 
graphic distribution  of  the  genus,  which  is  otherwise  limited  to 
Southeastern  Brazil  (Bertani  & Fukushima  2009).  Four  Avicidaria 
species  are  described  from  Uruguay  (Platnick  2010):  Avicidaria 
aiithracina  (C.L.  Koch  1842),  Avicidaria  alticeps  (Keyserling  1878), 
Avicidaria  parva  (Keyserling  1878),  and  Avicidaria  tigrina  (Pocock 
1903)  (Platnick  2010). 

Avicidaria  aiithracina  was  described  by  C.L.  Koch  (1842)  as  Mygale 
aiithracina  but  was  later  transferred  to  Eitrypehna  C.L  Koch  1850  by 
C.L. Koch  (1850).  After  this  transfer,  the  species  name  has  rarely  been 
cited  except  in  arachnological  catalogs  (Roewer  1942,  1955). 
Avicidaria  tigrina  was  originally  described  as  Pterinopelina  tigrina 
Pocock  1903.  Simon  (1903)  considered  the  genus  Pterinopelina 
Pocock  1903  a junior  synonym  of  Eurypelma  C.L.  Koch  1842. 
Avicidaria  parva  and  Avicidaria  alticeps  were  described  by  Keyserling 
(1878)  in  Ischnocohis  Ausserer  1875.  According  to  Simon  (1903),  the 
American  species  of  Ischnocolus  described  by  Ausserer  and  Keyserling 
were,  in  general,  immature  Eitrypehna  C.L.  Koch  1850  or  Lasiodora 
C.L.  Koch  1850.  The  author  clearly  affirmed  that  Ischnocohis  parvus 
Keyserling  1878  is  an  immature  specimen  of  Eurypelma,  but  he  did 
not  do  the  same  for  Ischnocolus  alticeps  Keyserling  1878.  However, 
both  were  cited  as  a species  of  Eurypelma  by  later  authors  (Roewer 
1942).  All  the  four  species  were  included  in  Eurypelma  until  Raven 
(1985)  proposed  the  synonymy  of  Eurypelma  with  Avicidaria  Lamarck 
1818,  establishing  several  new  implicit  combinations,  among  them 
Avicidaria  aiithracina  (C.L.  Koch  1842),  Avicidaria  parva  (Keyserling 
1878),  Avicidaria  alticeps  (Keyserling  1878)  and  Avicidaria  tigrina 
(Pocock  1903).  These  four  Uruguayan  species  are  revised  and  their 


taxonomic  position  reinterpreted  as  part  of  a taxonomical  revision  of 
the  speciose  genus  Avicidaria,  which  is  being  carried  out  by  the 
authors. 

METHODS 

All  measurements  are  in  millimeters  and  were  obtained  with  a 
Mitutoyo  calliper.  We  took  leg  and  palp  measurements  from  the  j 
dorsal  aspect  of  the  left  side  (unless  appendages  were  lost  or  obviously 
regenerated).  A Nikon  SMZ1500  and  a Leica  MZ  125  dissecting 
microscope  were  used  for  illustrations  (with  a camera  lucida 
attachment).  Abbreviations:  ALE  = anterior  lateral  eyes,  AME  = 
anterior  median  eyes,  ITC  = inferior  tarsal  claw,  PLE  = posterior 
lateral  eyes,  PME  = posterior  median  eyes,  PMS  = posterior  median 
spinnerets,  STC  = superior  tarsal  claws.  Specimens  from  the  follow 
institutions  were  examined:  BMNH — British  Museum  of  Natural 
History,  London;  ZMB  — Museum  fiir  Naturkunde,  Berlin.  Urticat- 
ing  hair  terminology  follows  Cooke  et  al.  (1972). 

TAXONOMY 

Catiimiri  parviim  (Keyserling  1878)  new  combination 
(Fig.  1) 

Ischnocolus  parvus  Keyserling  1878:611;  Bonnet  1957:2305. 

Eurypelma  parvum  Roewer  1942:241. 

Catuiniri  uruguayense  Guadanucci  2004:7,  figs.  10-15  new  synonymy 
Oligoxystre  argentinense  Costa  et  al.  2000:131  (misidentification); 

Costa  & Perez-Miles  2002:571  (misidentification). 

Avicidaria  parva  Platnick  2010.  , 

Material  examined. — Holotype,  immature  male  of  Ischnocolus 
parvus  from  Uruguay,  BMNH  1890-7.1.341.  Holotype  male  (IBSP 
9491)  and  paratype  female  (IBSP  9507)  of  Catuiniri  uruguayense  from 
Lavalleja,  Aguas  Blancas;  Uruguay,  F. Perez-Miles  leg.,  22  November 
1993. 

The  Ischnocolus  parvus  holotype  is  a small  immature  theraphosid  | 
specimen  (carapace  length  3.2  mm).  Even  though  it  has  no  fully 
developed  genitalia,  it  exhibits  some  unusual  theraphosid  somatic 
characters  such  as  the  absence  of  any  type  of  urticating  hair,  labium 
much  wider  than  long  (Fig.  1),  few  cuspules  on  maxilla  (<  20),  and 
absence  of  labial  cuspules  (Fig.  1).  In  the  New  World  theraphosids. 
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Figure  1. — Catwniri  parvum  (Keyserling  1878),  holotype.  Labium.  Scale  = 1mm. 


absence  of  urticating  hairs  is  characteristic  of  ischnocoline  or  some 
Amazonian  aviculariine  taxa.  Since  this  specimen  has  well-developed 
spines  on  the  legs,  absent  in  Aviculariinae,  the  second  option  is 
discarded.  The  labium  shape,  absence  of  labial  cuspules,  and  small 
number  of  cuspules  on  the  maxillae  are  shared  in  South  America  by 
only  two  ischnocoline  genera.  Oligoxystre  and  Catwniri.  Oligo.xystre  is 
not  known  from  Uruguay  or  southern  Brazil,  so  the  unique  ischnocoline 
genus  so  far  known  in  Uruguay  is  Catwniri  Guadanucci  2004,  with  a 
single  species  in  the  country,  C wugiiayense  Guadanucci  2004. 
Furthermore,  the  holotype  of  Catwniri  wiiguayense  Guadanucci  2004 
is  morphologically  consistent  with  the  holotype  of  Ischnocotm  parvus 
Keyserling  1878.  So,  we  have  decided  to  transfer  A.  parva  to  Catwniri 
and  consider  Catwniri parvwn  (Keyserling  1878)  a senior  synonym  of 
Catumiri  wugiiayense  Guadanucci  2004  new  synonymy. 

Grammostola  anthracim  (C.L.  Koch  1842)  new  combination 
(Figs.  2-4) 

Mygale  anthracina  C.L.  Koch  1842:77,  fig.  739;  Simon  1892:172; 
Bonnet  1955:2992. 

Eurypelma  anthracina  C.L.  Koch  1850:73. 

Eurypelnui  antliracinum  Roewer  1942:238,  1954:1594. 

Eurypelma  nwUicomwn  Ausserer  1875:198;  Keyserling  1878:612,  pi. 
14,  fig.  28 

Citharoscelus  mollicomus  Pocock  1903:99. 

Grammostola  mollicoma  Simon  1903:935;  Strand  1907:35;  Petrunke- 
vitch  1911:68;  Mello-Leitao  1923:  21 1;  Biicherl,  1951:109,  172-183, 
190,  figs.  3. II,  28.11,  29,  pis.  I,  II;  Roewer,  1954:1508;  Biicherl 
1957:395,  fig.  55;  Schiapelli  & Gerschman  1961:202,  figs.  13,  14; 
Perez-Miles  1989:264,  figs.  1,  2,  6-8;  Costa  & Perez-Miles 
2002:571;  Perez-Miles  2006:9-11;  Postiglioni  & Costa  2006:71; 


Costa  & Perez-Miles  2007:40;  Panzera  et  al.  2009:92  new 

synonymy. 

Plirixotrichus  molicommus  Perez-Miles  et  al.  1996:54,  figs.  36,  37. 
Avicularia  anthracina  Platnick  2010. 

Material  examined. — Holotype  female  of  Eurypelma  antliracinum 
C.L.  Koch  1842  from  Montevideo,  Uruguay,  Sello  leg.,  ZMB-2040. 
Eurypelma  mollicomum  Ausserer  1875  holotype  female  from  Uru- 
guay, Keyserling  collection  BMNH  90.7.1.388. 

Redescription. — Eeniale  holotype:  Total  length,  not  including 
chelicerae  or  spinnerets  44.0  (Fig.  2).  Cephalothorax  19.9  long,  21.0 
wide.  Legs  (femur,  patella,  tibia,  metatarsus,  tarsus,  total):  I:  16.10, 
10.20,  11.90.  10.25,  6.80,  55.25;  II;  14.86,  8.52,  12.17,  10.36,  6.77, 
52.68;  III:  13.85,  7.60,  9.31,  10.98,  6.52,  48.26;  IV;  15.98,  8.41,  12.78, 
15.17,  7.90,  60.24;  palp;  1 1.31,  6.96,  7.56,  -,  6.86,  32.69.  Anterior  eyes 
row  procurved,  posterior  row  recurved.  Eyes  sizes  and  inter-distances: 
AME  0.45,  ALE  0.60,  PME  0.33,  PLE  0.60,  AME-AME  0.49,  AME- 
ALE  0.31,  AME-PME  0.09,  ALE-ALE  1.87,  ALE-PME  0.50, 
PME-PME  1.37,  PME-PLE  0.13,  PLE-PLE  2.10,  ALE-PLE  0.38. 
Eye  tubercle:  length  2.5,  width  2.75;  clypeus  absent.  Fovea:  deep, 
procurved,  3.0  long.  Cephalic  area  raised.  Thoracic  striae  conspicu- 
ous. Labium;  length  3.3,  width  3.9,  with  approximately  1 10  cuspules. 
Maxillae:  between  100-200  cuspules  spread  over  internal  face.  Tarsi 
I-IV  fully  scopulate.  Metatarsi  I-III  scopulate  on  apical  half, 
metatarsi  IV  scopulate  on  apical  %.  Urticating  hair  types  III  and 
IV  present.  Stridulatory  setae  on  prolateral  coxae  1 (Fig.  3).  Color 
pattern:  Cephalothorax  and  abdomen  dark  brown.  Two  long 
spermathecae  with  rounded  apex  (Fig.  4).  Sternum  and  spinnerets 
damaged.  Spines  on  all  legs,  but  specimen  too  fragile  for  counting 
spination  and  disposition  of  spines  in  each  leg  and  articles. 
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Figure  2. — Grammostola  anthracina  (C.L.  Koch  1842)  holotype  female.  General  aspect.  Scale  = 10  mm. 


Remarks. — The  holotype  has  all  characteristics  of  the  genus 
Grammostola:  two  long  spermathecae  with  rounded  apex  (Fig.  4), 
stridulatory  setae  on  the  prolateral  coxae  I (Fig.  3)  and  presence  of 
urticating  hairs  type  III  and  IV  on  dorsal  abdomen.  Consequently  we 
have  transfered  the  species  to  Grammostola  Simon  1892.  The  dimensions 
and  characteristics  of  the  holotype  of  Grammostola  anthracina  match  the 
holotype  of  Grammostola  mollicoma  Ausserer  1875  (examined).  Thus,  we 


decided  to  propose  Grammostola  anthracina  (C.  L.  Koch  1 842)  as  a senior 
synonym  of  Grammostola  mollicoma  (Ausserer  1875)  new  synonymy. 

Ischmcolus  alticeps  Keyserling  1878  nomen  dubium 
Isclmocohis  alticeps  Keyserling  1878:609;  Bonnet  1957:2302. 
Eurypelma  alticeps  Roewer  1942:238;  1955:1533. 

Aviciilaria  alticeps  Platnick  2010. 


Figure  3. — Grammostola  anthracina  (C.L.  Koch  1842)  holotype  female.  Stridulatory  setae  (arrows)  on  prolateral  coxae  1. 
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Commeots. — Holotype  is  herein  considered  lost.  The  holotype  of 
Avicularia  alticeps  originally  described  in  the  genus  Iscimocolus 
Ausserer  1875  was  not  found  in  the  BMNH,  where  Keyserling’s 
collection  is  housed.  The  authors  have  been  in  BMNH  in  different 
years  and  have  never  found  the  type.  The  curator  also  confirmed  that 
the  type  is  not  there.  Searches  in  other  collections  have  also  failed. 

The  description  made  by  Keyserling  does  not  contain  any 
information  that  could  allow  us  to  identify  the  species.  The  author 
describes  a female,  but  there  is  no  characterization  of  its  spermathe- 
cae.  However,  it  is  clear  that  it  is  not  an  aviculariine,  since  it  has 
several  spines  on  legs.  As  the  species’  identity  is  not  clear,  we  consider 
the  name  Iscimocolus  alticeps  a nomen  dubium. 

Pterinopelma  tigrimim  Pocock  1903  nomen  dubium 
Pterinopelma  tigrinum  Pocock  1903:109;  Bonnet  1955:1830,  1957:3828. 
Eurypelma  tigrinum  Simon  1903:937;  Roewer  1942:242. 

Avicularia  tigrina  Platnick  2010. 

Comments. — Holotype  is  herein  considered  lost.  The  holotype  of 
1 Avicularia  tigrina  originally  described  in  the  genus  Pterinopelma 
Pocock  1901  was  not  found  in  the  BMNH,  where  Pocock’s  collections 
I are  housed.  Both  the  authors  and  the  BMNH  curator  have  searched 
for  the  type  without  success. 

The  description  mentions  that  the  type  presents  spines  on  its  legs, 

I which  indicates  it  is  not  an  aviculariine.  The  author  mentions  presence 
of  plumose  bristles  on  some  appendages  and  color  details,  “upperside 
of  patellae  and  tibiae  with  conspicuous  pale  yellow  bands.”  The 
! described  characteristics  are  present  in  more  than  one  Uruguayan 

! theraphosine  species,  making  it  impossible  to  know  the  species 

described  by  the  author.  As  the  identity  of  species  is  not  clear,  we 
consider  the  name  Pterinopelma  trigrinum  a nomen  dubium. 
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SHORT  COMMUNICATION 

Sexual  behavior  of  Acanthogonatus  centralis  (Araneae:  Mygalomorphae:  Nemesiidae)  from  Argentina, 

with  some  notes  on  their  burrows 

Nelson  Ferretti',  Gabriel  PompozzF,  and  Fernando  Perez-Miles^:  ‘Centro  de  estudios  parasitologicos  y de  vectores 
(CEPAVE)  (CCT-CONICET"La  Plata),  Calle  2 N°  584,  (1900)  La  Plata,  Argentina.  E-mail:  nferretti(gconicet.gov.ar; 
^Universidad  Nacional  del  Sur,  Dpto.  de  Biologia,  Bioquimica  y Farmacia,  San  Juan  670,  (8000)  Bahia  Blanca 
Argentina;  Tacultad  de  Ciencias,  Seccion  Entomologia,  Igua  4225,  11400  Montevideo,  Uruguay 

Abstract.  Acanthogonatus  centralis  Goloboff  1995  is  a Neotropical  nemesiid  distributed  in  hilly  zones  of  central 
Argentina.  The  biology  of  the  Nemesiidae  is  almost  unknown.  We  describe  the  courtship  and  mating  of  A.  centralis  based 
on  eight  observed  matings  (three  males  and  five  females).  Male  courtship  involved  scratching  and  beating  the  ground. 

These  behaviors  have  not  been  observed  in  other  mygalomorph  spiders  and  are  here  described  for  the  first  time.  After 
contacting  female  silk,  males  stretched  the  web.  Males  manipulated  their  pedipalps  and  spasmodically  beat  their  legs  over 
the  female.  The  mating  position  was  typical  of  mygalomorph  spiders.  Females  remained  active  during  copulation  by 
making  body  jerks  and  struggling.  The  body  jerks  of  females  could  be  stimulating  the  male  to  renew  palpal  insertion.  In 
addition  to  describing  this  spider  family’s  mating  behavior,  we  also  include  some  notes  on  their  shelters.  The  tunnel-webs 
observed  in  the  field  had  no  branches,  only  one  entrance,  and  a short  burrow.  Adult  males  are  capable  of  constructing 
tunnel-webs,  but  they  are  quite  different  from  those  of  juveniles  and  females,  lacking  the  short  burrow. 

Keywords:  Neotropical,  Argentinean  mygalomorph,  mating  behavior,  tunnel-webs 


The  family  Nemesiidae  has  41  genera  and  342  described  species, 
distributed  worldwide  (Platnick  2010).  These  spiders  are  found  across 
the  tropical  and  subtropical  regions  of  South  America,  but  their 
biology  is  almost  unknown,  with  only  notes  available  on  a few  species 
mainly  distributed  throughout  Peru,  Chile,  Argentina,  and  Uruguay 
(Goloboff  1995).  Most  studies  on  mygalomorph  mating  behavior  and 
reproductive  biology  have  focused  on  the  Theraphosidae  (Shillington 
& Verrel  1997;  Costa  & Perez-Miles  2002;  Ferretti  & Ferrero  2008).  In 
the  Nemesiidae,  we  could  find  published  behavioral  and  ecological 
studies  for  only  three  species  of  Acanthogonatus'.  A.  tacuariensis 
(Perez-Miles  & Capocasale  1982)  (Costa,  as  cited  by  Perez-Miles  & 
Capocasale  1982;  Capocasale  & Perez-Miles  1990)  from  Uruguay;  A. 
pissi  (Simon  1889)  (Calderon  et  al.  1979),  and  A.  franckii  Karsch  1880 
(Pinto  & Saiz  1997)  from  Chile  and  some  aspects  of  the  natural 
history  of  six  European  species  of  Nemesia  (Decae  2005).  Because  of 
the  lack  in  diversity  of  mygalomorph  species  studied,  it  is  imperative 
to  develop  an  understanding  of  their  reproductive  biology.  Acantho- 
gonatus centralis  Goloboff  1995  is  a mygalomorph  spider  commonly 
found  in  the  hilly  areas  of  central  Argentina.  However,  no  natural 
history  data  have  been  published  about  this  species.  These  are 
medium-sized  nemesiids,  both  males  and  females  averaging  1 1 .92  ± 
1.26  SD  mm  {n  = 10)  in  total  body  length,  excluding  chelicerae  and 
spinnerets.  Our  goal  was  to  describe  the  sexual  behavior  of  A. 
centralis,  adding  some  notes  about  their  burrows  in  the  wild  and  their 
construction  in  the  laboratory. 

We  collected  five  males  and  five  females  from  the  locality  of  Sierra 
de  la  Ventana  (38°04'21.3"S,  62°03'02.6"W),  Buenos  Aires  Province, 
Argentina,  in  2007.  Voucher  specimens  from  this  study  were 
deposited  in  the  collection  of  the  Laboratorio  de  Zoologia  de 
Invertebrados  II,  Universidad  Nacional  del  Sur,  Argentina.  We 
maintained  individuals  in  plastic  Petri  dishes,  with  soil  as  substratum 
and  a patch  of  wet  cotton  wool.  We  used  a 12  h light/dark  cycle.  The 
room  temperature  during  breeding  and  experiments  was  26.7°  ± 1 .52° 
C.  The  mating  arenas,  consisting  of  glass  cylindrical  containers  ( 19  cm 
diameter  and  10  cm  high)  with  a layer  of  sand  soil,  were  illuminated 
with  fluorescent  light.  We  made  25  male-female  pairings  of  A. 
centralis  in  all  possible  combinations,  but  we  considered  only  eight  of 


these  interactions  to  be  successful  examples  of  courtship  behavior 
resulting  in  copulation.  Males  never  initiated  courtship  in  the  other 
pairings,  and  spiders  did  not  make  contact.  The  individuals  in  a pair 
were  never  tested  together  more  than  once,  and  none  was  used  in 
more  than  one  test  on  a given  day.  Each  spider  was  reused  one  day 
after  the  first  experiment,  but  in  different  combinations.  Individuals 
were  randomly  assigned  to  pairs.  Encounters  were  directly  observed, 
recorded  with  notes  and  videotaped.  We  tested  the  normality  and 
homogeneity  of  variance  of  continuous  variables  using  Kolgomorov- 
Smirnov  and  Levene  tests,  respectively.  We  used  the  Spearman 
correlation  coefficient  (nonparametric  test).  Mean  ± SD  values  are 
presented.  We  performed  all  statistical  analyses  using  SPSS  version 
14.0  for  Windows  (2005). 

We  recorded  eight  matings:  one  male  mated  twice  and  two  males 
mated  three  times,  while  one  female  mated  three  times,  another 
female  mated  twice,  and  three  females  mated  one  time  (n  = 3 males,  5 
females).  When  male  A.  centralis  engaged  in  courtship  and  mated,  a 
common  pattern  occurred  (Fig.  1).  In  all  successful  matings  males 
initiated  courtship  (latency  of  59.18  ± 43.3  s)  by  scratching  very 
rapidly  over  the  substrate  surface  with  the  first  two  pairs  of  legs. 
These  movements  consisted  of  the  male  extending  his  leg  forward, 
touching  the  substrate,  then  moving  the  leg  backward  over  the 
substrate,  removing  the  soil  from  in  front  of  the  female’s  burrow  and 
piling  it  at  a distance.  This  behavior  had  a mean  duration  of  1.59  ± 
0.69  s (range  = 0.95-3.17)  and  a mean  number  of  3.87  ± 8.2  scratches 
(per  courtship),  n = 8.  The  male  then  displayed  vigorously,  beating  the 
substrate  with  the  first  two  pairs  of  legs.  These  beats  consisted  of 
elevating  a teg,  extending  it,  and  lowering  it  rapidly  to  hit  the  soil,  the 
pattern  involving  each  leg  simultaneously.  The  mean  number  of  beats 
per  courtship  was  1.87  ± 3.94,  n = 8.  The  scratching  and  beating 
behaviors  with  the  first  pair  of  legs  were  not  observed  in  A.  tacuaricn.sis 
(Costa,  as  cited  by  Perez-Miles  & Capocasale  1982)  and  are  described 
here  for  the  first  time  for  A.  centralis.  Scratching  and  beating  behavior 
may  serve  as  long-distance  male-female  communication. 

When  a male  A.  centralis  made  contact  with  the  silk  threads,  he 
began  to  stretch  the  web  with  the  claws  of  his  first  pair  of  legs  using 
brusque,  synchronous  movements.  During  the  course  of  this  behavior 
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Figure  1. — Ethogram  from  the  eight  successful  matings  showing  the  courtship  and  mating  pattern  of  Acanthogonatm  centralis  males.  The  size 
of  the  arrows  is  proportional  to  the  number  of  times  a behavior  was  observed. 


the  male  slowly  extended  legs  I downward  to  contact  the  web  and 
then  Hexed  them,  reaching  an  angle  of  45°  between  the  femur  and 
patella.  The  mean  number  of  stretches  per  interaction  was  8.5  ± 7.34, 
n = 8.  The  stretching  of  the  tunnel-web  silk  also  was  observed  in  A. 
tacuariensis  (as  cited  by  Perez-Miles  & Capocasale  1982),  and  this 
signal  could  act  in  short-distance  communication.  The  sequence 
Substrate  Scratching  - Silk  Stretching  is  considered  to  be  pre-contact 
courtship,  with  a duration  of  5.87  ± 5.14  min  (range  = 1.30- 
15.16  min,  n = 8).  The  female  emerged  from  the  tunnel-web  after 
15.85  ± 13.39  (n  = 8)  sequences  of  pre-contact  behavior.  When 
spiders  made  contact,  the  female  elevated  her  body  to  an  angle  of 
almost  90°  with  the  substrate,  with  her  first  pair  of  legs  elevated  and 
legs  III  and  IV  over  the  substrate.  The  male  then  spasmodically  beat 
independently  with  its  second  (1.5  ± 2.77  per  courtship)  and  third 
pair  of  legs  (4.5  ± 7.17  per  courtship),  making  contact  with  the 
female’s  body  and  legs.  Spasmodic  beats  consisted  of  extending  the 
leg  and  making  vigorous  backward  and  forward  movements,  reaching 
the  legs  of  the  female.  Females  were  passive,  but  displayed  open 
fangs.  Costa  (as  cited  by  Perez-Miles  & Capocasale  1982)  observed 
spasmodic  beats  with  legs  111  in  A.  tacuariensis,  but  A.  centralis  also 
beat  spasmodically  with  legs  II.  The  main  function  of  this  behavior  in 
Gramnwstola  species,  where  males  only  make  spasmodic  beats  with 
legs  II,  seems  to  be  to  relax  the  female  fangs,  since  it  is  displayed 
during  the  clasping  and  unclasping  of  the  females’  fangs  (Costa  & 
Perez-Miles  2002).  This  leg-beating  behavior  might  also  occur  in  other 
families  of  mygalomorphs,  considering  how  few  studies  have  focused 
on  the  sexual  behavior  of  this  group  of  spiders. 

Subsequently,  the  male  began  palpal  boxing  (an  alternating  up  and 
down  movement  of  the  palpi  or  pedipalps),  contacting  the  female’s 
sternum.  Simultaneously,  the  male  touched  her  with  very  gentle,  fast 
movements,  with  his  first  pair  of  legs  located  between  the  female’s 
pedipalps  and  chelicerae.  The  second  pair  of  the  male’s  legs  touched 
her  carapace  between  legs  II  and  III.  The  very  fast  movements  with 


the  male’s  legs  I and  II  also  were  reported  for  A.  tacuariensis  (Costa, 
as  cited  by  Perez-Miles  & Capocasale  1982)  and  could  also  be  acting 
to  keep  the  female  in  a passive  condition.  The  mean  duration  of 
palpal  boxing  was  7.86  ± 1.97  s (range  = 1.4-24.05  s,  n = 97).  This 
behavior  was  reported  for  A.  tacuariensis  (Costa,  as  cited  by  Perez- 
Miles  & Capocasale  1982),  but  was  displayed  before  contact  with  the 
female,  whereas  in  A.  centralis  this  behavior  always  occurred  after 
contact  with  the  female.  Male  A.  centralis  clasped  the  females’  fangs 
with  the  tibial  apophyses  of  legs  I.  During  copulation,  the  male 
pushed  the  female  back  onto  her  hind  legs  and  raised  her,  while  still 
standing  with  the  first  pair  of  legs  between  the  chelicerae  and  distal 
portion  of  the  coxa  of  the  pedipalps.  The  male’s  second  pair  of  legs 
enveloped  the  female’s  carapace  while  he  pulled  her  vigorously 
towards  him,  so  his  palpi  could  approach  her  genital  opening  (Fig.  2). 
Throughout  some  of  the  copulation  attempts  it  was  possible  to  see 
that  the  female’s  epigynum  was  distended,  with  the  anterior  and 
posterior  genital  lips  of  the  epigastric  furrow  protruding  and  parted, 
resulting  in  a more  exposed  genital  opening  than  usual.  Only  one  case 
of  such  a protrusion  was  reported  for  T.  karschi  (Coyle  1985).  For 
most  matings,  an  angle  of  90-100°  existed  between  the  male  and 
female  cephalothoraxes.  The  female’s  pedicel  was  flexed  upward, 
reaching  a cephalothorax-abdomen  angle  of  60-80°.  From  this 
position,  the  male  inserted  his  embolus  into  the  female’s  genital 
opening.  The  mating  position  that  we  observed  in  A.  centralis  was 
typical  of  mygalomorph  spiders,  with  the  male  positioned  in  front  of 
the  female,  but  the  angle  observed  was  more  acute  than  that  found  for 
A.  tacuariensis  (Costa,  as  cited  by  Perez-Miles  & Capocasale  1982) 
and  many  theraphosids  (Jackson  & Pollard  1990;  Shillington  & Verrel 
1997;  Costa  & Perez-Miles  2002;  Ferretti  & Ferrero  2008),  resembling 
that  described  by  Coyle  1986  and  Coyle  & O’Shields  1990  for  Euagrus 
species  and  T.  karschi.  This  position  seems  to  result  from  the  vigorous 
pulling  on  the  female  by  the  male  with  his  second  pair  of  legs.  The 
mean  number  of  insertions  was  4.75  ± 3.65  SD,  n = 8 (range  = 2-13), 
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Figure  2. — Acanthogonatus  centralis  mating.  Male  clasping  the  female  fangs  with  legs  I,  pulling  with  legs  II,  and  inserting  the  embolus  into  the 
female  genital  opening.  Photo  by  G.  Pompozzi. 


and  the  mean  duration  of  each  insertion  was  5.29  ± 0.08  SD  s,  n = 38, 
ranging  from  3.33  to  7.85  s.  In  this  phase  we  observed  characteristic 
body  jerks  of  females  before  the  palpal  insertions  (4.75  ± 1.70  SD 
body  jerks  per  mating)  made  by  the  high  amplitude  twitching  of  all 
legs  and  palps.  Moreover,  the  stretching  of  the  male’s  posterior  legs 
over  the  substrate  resulted  in  a brusque  and  quick  forward  movement 
of  the  female  body.  Males  never  started  the  palpal  insertions  until 
females  made  body  jerks.  The  time  elapsed  between  the  body  jerks 
decreased  with  the  increased  number  of  this  behavioral  sequence.  The 
mean  duration  of  the  last  pre-insertion  body  jerk  of  females  was  2.38 
± 1.48  s,  n = 8,  while  the  mean  latency  of  first  body  jerk  of  female  to 
the  first  palpal  insertion  was  38.29  ± 29.22  s,  n = 8.  We  found  no 
relation  between  the  number  of  body  jerks  and  the  number  of  palpal 
insertions  (Spearman  correlation  coefficient,  r,  = 0.092,  P = 0.838). 
No  significant  correlation  was  found  between  the  latency  from  the 
first  female  body  jerk  to  the  first  male  insertion  and  the  number  of 
insertions  (Spearman  correlation  coefficient,  r^  = 0.232,  P = 0.658). 
In  addition,  during  palpal  insertions  the  male  performed  repeated 
vigorous  pulsing  flexions  with  the  active  palpal  bulb  made  by  the 
flexion  of  the  tibia  and  tarsus  of  the  palp,  pulling  and  twisting  the 
female’s  abdomen  from  side  to  side  towards  him.  The  number  of 
palpal  insertions  by  A.  centralis  was  variable  and  similar  to  that 
recorded  for  A.  tacuariensis  (Costa,  as  cited  by  Perez-Miles  & 
Capocasale  1982).  Coyle  & O’Shields  (1990)  observed  that  the 
vigorous  male  palpal  movements  during  copulation  subsequently 
twisted  the  abdomen  of  females.  Moreover,  Coyle  (1985)  observed 
that  palpal  movements  by  male  Microhexura  montivaga  Crosby  & 
Bishop  1925  were  so  vigorous  that  the  female’s  abdomen  was  visibly 
jarred.  Subsequently,  we  observed  A.  centralis  females  moving  their 
fangs  (83.3%  of  mating),  raising  and  lowering  them  near  the  male’s 
carapace,  but  no  bite  was  registered.  The  mean  duration  of  copulation 
was  2.25  ± 1.08  min,  n = 8.  Afterwards,  the  male  unclasped  himself 
from  the  female,  again  made  spasmodic  beats  with  legs  II,  started  to 
walk  backwards,  and  then  ran  forward  very  quickly  in  order  to  escape 
from  the  female. 

The  female  role  during  mating  in  A.  centralis  was  remarkably 
active,  including  periods  of  struggling  and  body  jerks.  Females  of 


Thelechoris  karschi  Bosenberg  & Lenz  1895  (Dipluridae)  occasionally 
manifest  quivering  of  legs  and  pedipalps  during  copulation  (Coyle  & 
O'Shields  1990).  However,  females  of  the  family  Theraphosidae 
usually  stay  immobile  during  copulation  (Shillington  & Verrel  1997; 
Costa  & Perez-Miles  2002;  Bertani  et  al.  2008;  Ferretti  & Ferrero 
2008);  however,  struggling  behavior  was  reported  for  M.  montivaga 
and  was  related  to  brief  couplings  and  a low  number  of  insertions 
(Coyle  1985).  Males  clearly  increased  the  palpal  boxing  at  low 
latencies  (ca.  2 s)  between  the  body  jerks  of  females.  Moreover,  these 
body  jerks  from  females  may  act  as  a stimulus  to  start  male  palpal 
insertions.  In  the  Lycosidae,  Allocosa  brasiliensis  {Petrunkevitch  1910) 
females  made  body  jerks  immediately  before  each  insertion,  which 
could  serve  as  a similar  positive  signal  by  females  for  a new  male 
palpal  insertion  (A.  Peretti  pers.  comm.). 

Male  Acanthogonatus  centralis  performed  intense  courtship  both 
away  from  and  near  the  tunnel-webs  of  females,  until  females  left 
their  shelters  and  copulation  took  place  outside  the  tunnel-webs.  In 
nature,  we  always  found  these  mygalomorph  spiders  under  stones  in 
hilly  zones  where  they  constructed  their  tunnel- web  shelters.  No 
individuals  were  observed  constructing  tunnel-webs  in  the  accumu- 
lated earth  between  stones.  Usually,  the  nemesiids  of  the  genus 
Acanthogonatus  live  under  or  between  stones  and  logs,  where  they 
construct  their  tunnel-webs  (Capocasale  & Perez-Miles  1990;  Pinto  & 
Saiz  1997).  In  general,  the  tunnel-webs  of  A. centralis  are  similar  to 
those  of  A.  tacuariensis  (Capocasale  & Perez-Miles  1990)  and  A.  pissii 
(Calderon  et  al.  1979),  but  those  of  A.  centralis  had  no  branches  and 
only  one  entrance.  These  tunnel-webs  were  horizontal  and  often  were 
connected  to  a short  burrow.  Generally  the  silk  tube  occupied  the  first 
part  of  the  tunnel-web,  with  the  exception  of  males,  in  whose  burrows 
the  silk  tube  was  placed  at  the  end  of  the  tunnel-web.  We  observed 
only  one  entrance  to  the  tunnel-webs,  and  none  had  branches. 
Females  (/;  = 4)  and  juveniles  constructed  burrows  behind  silk  tubes, 
and  juvenile  shelters  [n  = 3)  appeared  more  sinuous.  The  entrance  of 
the  tunnel-webs  was  between  1-1.7  cm  in  diameter,  the  silk  tubes 
measured  4-9  cm,  and  the  burrows  were  3-7  cm  deep.  The  ability  of 
these  spiders  to  construct  a tunnel-web  is  considered  a plesiomorphy 
and  could  be  a generic  level  character  (Capocasale  & Perez-Miles 
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1990),  although  some  species  of  Acanthogonatus  make  tunnel-webs 
and  others  live  in  open  burrows  (Goloboff  1995).  Tunnel-webs  could 
be  important  in  retaining  water  and  reducing  the  potential  loss  of  it 
from  individuals’  bodies  in  arid  habitats  (Capocasale  & Perez-Miles 
1990).  Males  (n  = 3)  made  silk  tubes  covered  only  with  debris,  with 
entrances  1 .5-2  cm  long  in  soil  depressions;  the  silk  tubes  measured  5- 
9.3  cm.  Adult  male  A.  tacuariensis  do  not  make  tunnel-webs  and  are 
shorter-lived  than  the  adult  females  (Capocasale  & Perez-Miles  1990). 
However,  adult  male  A.  centralis  construct  tunnel-webs,  lacking  the 
short  burrow  seen  in  juveniles  and  females. 

Spider  mating  in  captivity  does  not  appear  to  be  altered  when 
compared  to  mating  behavior  in  nature  (Jackson  & Pollard  1990; 
Bertani  et  al.  2008),  and  it  seems  likely  that  our  observations  in  the 
laboratory  are  typical  of  A.  centralis  mating  behavior  in  the  wild. 
Many  of  these  behaviors  may  be  homologous  with  those  of  the 
Nemesiidae,  but  information  about  many  more  species  is  required  to 
make  stronger  arguments  regarding  the  evolution  of  courtship  and 
mating  behavior  in  Acanthogonatus  and  related  families.  Information 
on  courtship  and  mating  behavior  of  the  Mygalomorphae  is  very 
important  for  tracing  the  evolution  of  their  sexual  behavior. 
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The  composition  of  spider  assemblages  varies  along  reproductive  and  architectural  gradients  In  the  shrub 
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Abstract.  The  presence  of  buds,  flowers,  and  fruits  increases  structural  complexity  in  plants,  but  can  also  attract  potential 
prey  for  predators,  thus  determining  faunistic  composition.  To  understand  how  a spider  assemblage  living  in  the  shrub 
Byrsonima  intermedia  (Malpighiaceae)  varies  with  habitat  structure  in  terms  of  reproductive  elements  and  height  of  plant, 
we  collected  spider  specimens  and  measured  bud,  flower,  fruit,  and  leaf  masses  of  44  plants,  as  well  as  their  height.  Spider 
family  composition  was  found  to  depend  on  habitat  structure,  following  a pattern  of  family  turnover  occurring  along 
gradients  of  reproductive  plant  elements  and  height,  regardless  of  plant  biomass.  Theridiidae  occurred  in  samples  with  the 
major  proportions  of  buds  and  flowers,  while  Oxyopidae  occurred  only  in  samples  with  major  proportions  of  fruits. 

Multiple  linear  regression  revealed  the  strong  relation  between  the  composition  in  reproductive  plant  elements  and  the 
composition  in  families  of  spiders  and  a relation  between  shrub  height  and  spider  family  composition.  These  results  help  us 
to  understand  the  temporal  dynamics  between  structural  complexity  of  vegetation  and  spider  assemblages,  because  during 
plant  phenology  the  proportions  of  reproductive  elements  are  also  varying. 

Keywords:  Araneae,  assemblage  composition,  assemblage  diversity,  habitat  structure,  habitat  heterogeneity,  reproductive 
phenology 


The  influence  of  plant  structural  traits  on  microhabitat  selection 
has  been  demonstrated  for  spiders  around  the  world.  The  spiders’ 
preferences  for  particular  microhabitats  result  in  variation  of  spider 
diversity  related  to  both  the  structure  of  vegetative  parts  (Halaj  et  al. 
2000;  Souza  2005)  and  the  presence  of  reproductive  structures  (Souza 
& Modena  2004;  Souza  & Martins  2004). 

Inflorescence-bearing  branches  are  structurally  distinct  from 
vegetative  branches  and  may  constitute  microhabitats  that  offer  a 
range  of  attractive  traits  for  spiders.  Floral  structures  may  provide 
refuge  from  predators  and  harsh  environmental  conditions,  facili- 
tating camouflaging  for  prey  capture  and  serving  as  breeding  sites 
(Johnson  1995).  Abundance  of  potential  prey  for  spiders  is  high  in 
buds  and  flowers,  as  these  structures  are  often  visited  by  herbivores 
and  pollinating  insects  (Louda  1982).  Furthermore,  fruits  attract 
insects  and  may  depend  on  these  to  complete  their  life  cycles  (e.g., 
Kolesik  et  al.  2005;  Burkhardt  et  al.  2009).  Plant  phenological 
variation  is  therefore  expected  to  determine  variations  in  the  structure 
of  spider  assemblages. 

The  presence  and  succession  of  reproductive  elements  of  plants 
mask  the  effects  of  plant  structural  complexity  on  spider  diversity, 
because  reproductive  structures  not  only  modify  plant  architecture 
(by  changing  biomass  spatial  arrangement),  but  also  amplify  the  local 
prey  availability,  being  attractive  to  spiders  for  many  reasons  (e.g., 
Finke  & Denno  2006;  Schmidt  & Rypstra  2010). 

We  desired  to  know  if  the  relative  amount  of  each  reproductive 
element  (buds,  flowers  and  fruits),  height  (plant  architecture),  and 
biomass  (habitat  size)  of  the  shrub  Byrsonima  intermedia  A.  Juss 
(Malpighiaceae)  might  explain  variation  in  the  composition  of  spider 
assemblages.  The  architecture  of  this  shrub  species  varies  with  height 
(Oliveira  et  al.  2007),  because  the  taller  the  specimen,  the  further  apart 
its  branches  are  arranged,  facilitating  the  construction  of  wider  webs. 


Data  were  collected  from  an  area  of  the  Brazilian  savanna 
(“cerrado  stricto  sensu”)  in  Campo  Grande,  Mato  Grosso  do  Sul, 
southwestern  Brazil  (Embrapa  Gado  de  Corte,  20°26'36.6"S, 
54°43'30.6"W).  The  area,  now  undergoing  regeneration,  harbors  a 
large  number  of  B.  intermedia  specimens  with  asynchronic  flowering. 
The  species  has  entomophilous  flowers  that  last  for  one  day  on 
average  and  develop  into  a drupe  (Oliveira  et  al.  2007). 

From  17  October  to  4 December  2008,  a total  of  44  shrubs 
(typically  six  each  week)  was  sampled.  To  randomize  the  choice  of 
shrubs,  the  posts  of  an  adjoining  fence  were  numbered.  A fencepost 
and  a perpendicular  distance  in  meters  (integers  from  0 to  100)  were 
then  chosen  by  draw.  Fencepost  and  distance  determined  a spot  from 
which  the  nearest  B.  intermedia  shrub  was  selected.  While  uncut,  the 
plants  were  individually  wrapped  in  plastic  bags  of  100  1 capacity, 
then  cut  at  ground  level  using  pruning  shears  before  taken  to  the 
laboratory,  where  each  shrub  (mean  height  = 1.24  m,  SD  = 0.25; 
biomass  = 461.2  g,  SD  = 252.3)  was  inspected  for  the  presence  of 
arthropods.  The  spiders  thus  collected  were  stored  for  identifica- 
tion at  the  family  level.  Voucher  specimens  were  deposited  in  the 
Arachnida  collection  of  Instituto  Butantan  of  Sao  Paulo,  Brazil. 

After  removal  of  the  arthropods,  all  the  buds,  flowers,  fruits,  and 
leaves  from  each  shrub  were  collected,  and  the  fresh  mass  of  each  of 
these  types  of  structure  was  weighed  using  a balance  of  0.01  g precision 
right  after  the  removal  of  the  arthropods  in  the  same  day  of  sampling. 

As  B.  intermedia  is  a species  with  an  asynchronous  flowering  period 
(Filho  & Lomonaco  2006).  The  44  plant  specimens  were  randomly 
grouped,  taking  into  account  the  frequency  of  spider  families,  mean 
plant  height,  and  total  biomass  of  shrubs,  leaves,  buds,  flowers,  and 
fruits,  resulting  in  1 1 samples  of  four  specimens  each,  allowing  us  to 
make  ordinations  of  the  variables  without  losing  the  relation  between 
them. 
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Figure  1.-  Ordinations  of  the  samples  by  non-metric  multidimen- 
sional scaling  (NMDS).  (A)  Phenological  variation:  ordination 
obtained  using  relative  biomass  of  leaves,  buds,  llowers  and  fruits 
in  ByrsoniDia  inleniiedia  specimens  (Malpighiaceae).  (B)  Spider  family 
composition:  ordination  obtained  using  relative  frequency  of  the 
spider  families. 


Ordination  by  non-metric  multidimensional  scaling  (NMDS)  was 
employed  to  represent  the  variation  in  relative  amounts  of  leaves,  buds, 
(lowers,  and  fruits  across  plant  samples.  We  considered  the  relative 
biomass  of  vegetative  structures  (leaves)  and  reproductive  structures 
(buds,  flowers,  and  fruits),  employing  a Bray-Curtis  dissimilarity 
matrix  for  this  ordination.  NMDS  was  also  used  to  represent  spider 
family  composition.  A Bray-Curtis  dissimilarity  matrix  based  on 
relative  frequencies  was  also  employed  for  this  purpose. 

A multiple  linear  regression  model  was  used  to  evaluate  the  effects  of 
reproductive  plant  elements  (NMDS  scores),  height,  and  biomass  on  the 
diversity  (Shannon  index)  and  composition  (NMDS  scores)  of  spider 


Plant  height 

Figure  2. — Partial  regression  plots  of  the  multiple  regression 
model.  NMDS  scores  for  relative  frequencies  of  spider  families  are 
values  of  the  dependent  variable  and  NMDS  scores  of  relative  masses 
of  reproductive  elements  (A)  and  height  of  Byrsonima  intermedia 
(Malpighiaceae)  shrubs  (B)  are  the  independent  variables.  Lines 
represent  the  linear  function  obtained  in  the  multiple  regres- 
sion model. 


families.  R software  (R  Development  Core  Team  2010)  was  used  for 
data  analysis.  The  vegan  software  package  (Oksansen  et  al.  2010)  was 
additionally  employed  for  diversity  calculations  and  for  ordinations. 

Ordination  of  B.  intermedia  samples  using  the  relative  mass  of 
leaves,  buds,  flowers,  and  fruits  using  NMDS  (n  = 11,  = 0.94) 

revealed  variation  in  composition  of  the  reproductive  elements 
(Fig.  I A).  Samples  with  more  buds  remained  on  the  left  in  the 
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gradient  of  ordination,  while  flowers  decreased  and  fruits  increased 
along  this  gradient.  Leaves  were  abundant  in  all  samples  throughout 
this  gradient,  irrespective  of  reproductive  elements. 

A total  of  195  spiders  from  nine  families  was  collected  from  44 
shrubs.  Salticidae  (62  specimens),  Anyphaenidae  (33),  and  Thomisi- 
dae  (21)  were  the  most  abundant  families.  A mean  Shannon’s  index  of 
1.49  was  found  for  family  diversity,  ranging  from  0.67  to  1.86  for  the 
1 1 samples  and  varying  randomly  with  reproductive  plant  elements, 
height,  and  biomass  in  a multiple  regression  model  (/;  = 1 1;  E"  = 2.63; 
R-  = 0.68;  P = 0.35). 

Sample  ordination  by  NMDS  {n  = 11;  = 0.73)  using  relative 

frequencies  of  spider  occurrence,  revealed  a gradient  in  spider  family 
composition  (Fig.  IB).  Spiders  of  the  family  Salticidae  were  found 
throughout  this  gradient;  Theridiidae  and  Thomisidae  were  more 
likely  to  occur  at  the  beginning  of  the  gradient;  Araneidae  and 
Oxyopidae,  at  the  end.  Other  families  occurred  in  intermediate 
portions  of  the  gradient. 

In  a multiple  regression  model  («  = 1 1;  R"  = 0.68;  F = 4.79;  P = 
0.04),  NMDS  scores  for  spider  family  composition  varied  as  a linear 
function  of  NMDS  scores  for  composition  of  reproductive  plant 
elements  (b  = 1.68;  t = 2.77;  P = 0.03)  and  height  {h  = 0.38;  t = 3.46; 
P = 0.01),  but  not  of  biomass  (P  = 0.573).  This  finding  reveals  that, 
regardless  of  aboveground  biomass,  B.  intermedia  ^ height  and 
composition  of  reproductive  elements  explained  68%  of  the  variation 
in  the  spider  assemblage  (Fig.  2). 

Although  associations  between  spiders  and  certain  types  of  (lowers 
and  fruits  have  been  described  in  the  literature  (Souza  & Modena 
2004;  Souza  & Martins  2004),  the  present  study  is,  to  our  knowledge, 
the  first  to  demonstrate  how  the  composition  of  a spider  assemblage 
varies  with  a quantitative  measure  of  composition  of  the  reproductive 
elements,  irrespective  of  total  plant  biomass.  Since  variation  in  plant 
architecture  as  a function  of  size  influences  habitat  complexity  (Souza 
& Martins  2004;  Faria  & Lima  2008),  this  investigation  evaluated 
the  isolated  effect  of  architecture  by  measuring  shrub  height  and 
disregarding  the  variation  due  to  biomass,  which  was  achieved  by 
taking  into  account  the  multiple  regression  model.  Taller  shrubs  have 
more  branches  and  these  are  more  spread  out,  whereas  biomass 
represents  the  amount  of  habitat  available  for  spiders. 

Several  studies  have  demonstrated  associations  between  plants 
and  spiders,  most  often  of  single  species  (Johnson  1995;  Romero  & 
Vasconcellos-Neto  2005),  but  also  of  multiple  species  (Halaj  et  al. 
2000;  Raizer  & Amaral  2001;  Souza  & Martins  2004).  These  studies 
corroborate  the  assumption  that  habitat  architectural  traits  define  the 
composition  of  spider  species. 

Each  component  of  the  phenology  of  B.  intermedia  can  represent 
either  an  increase  or  a decrease  in  spider  abundance  and  diversity 
(Romero  & Vasconcellos-Neto  2005).  In  the  present  study,  the  added 
effects  of  leaf,  bud,  flower,  and  fruit  biomass  on  spider  occurrence 
revealed  a pattern  of  family  turnover  in  which  Theridiidae  occured 
in  samples  with  the  major  proportions  of  buds  and  flowers,  while 
Oxyopidae  occurred  only  in  samples  with  major  proportions  of  fruits. 
This  pattern  suggests  that  niche  partitioning  is  dependent  on  the 
reproductive  phenology  of  B.  intermedia,  more  specifically  dependent 
on  the  composition  of  reproductive  elements. 

This  response  seen  in  the  structure  of  the  spider  assemblage 
possibly  influences  the  indirect  interactions  between  spiders  and 
reproductive  success  (e.g.,  fruit-set  and  seed  set)  of  plants  (Louda 
1982;  Goncalves-Souza  et  al.  2008;  Romero  et  al.  2008).  Different 
components  of  the  reproductive  stage  of  plants  are  expected  to  have 
different  effects  on  the  attraction  of  spiders  of  each  family  (Souza  & 
Martins  2004;  Romero  & Vasconcellos-Neto  2005),  and  general 
patterns  such  as  those  described  in  this  study  are  additive  responses 
resulting  from  these  family-level  patterns.  Not  only  knowledge  of  the 
effect  of  each  reproductive  component  of  plant,  but  also  of  the 
interaction  between  these  components  (e.g.,  decreased  plant  cross 
pollination  due  to  spiders  predating  on  pollinators  and  fruit 


protection  due  to  predation  on  herbivores),  is  necessary  to  understand 
the  structure  of  a spider  assemblage  and  help  to  predict  potential 
responses  to  indirect  interactions  between  spiders  and  plants 
(Wootton  2002).  It  can  be  concluded  that  spider  composition  depends 
on  habitat  structure,  with  a pattern  of  family  turnover  occurring 
along  gradients  of  composition  of  reproductive  elements  and  height, 
irrespective  of  plant  biomass. 
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